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PREFACE. 



This book is for practical pump users. 
It is not for professional men, save as they 
may want to know how pumps are made 
and worked. 

There is nothing lieretofore published 
which describes the construction and oper- 
ation of all the principal types and makes 
of pumps in use; nor how to take down, 
set up, adjust and run any single one of 
them. 

Much of the special information herein 
contained had to be got by begging, coax- 
ing, arguing and almost threatening ; and 
can be had in no other form and in no 
other place. 

All prominent pump makers in the 
United States were not only afforded op- 
portunity to furnish data concerning the 
construction, operation, selling up and 
ijustment of their pumps, but were 
specially requested so to do. Some re- 
sponded most wiUingly and freely ; othew 
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but tardily and incompletely. I oflfer no 
apology for according more space to the 
details of those pumps concerning which 
full data was furnished, than to those of 
the others. 

If there is any practical question con- 
cerning any pump which is not answered 
in the following pages, I will take pleasure 
in answering it by mail, if possible, where 
stamp is inclosed ; and will probably add 
such questions and answers to future 
editions, should they be called for. 

5 Dey St., N. Y., December, 1886. 
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DEFINITIONS. 



Q. What is a pump ? 

A. It is hard to get a definition that 
rili cover the whole ground. A pump 
may be said to be a mechanical contriv- 
ance for raising or transferring fluids; and 
as a general thing consists of a moving 
piece working in a cylinder or other cav- 
■ _ ; the device having valves for admitting 
or retaining the fluids. 

Q. What two classes of operations are 
included in the terra " raising " fluids ? 

A. They may be raised by drafting or 
suction, from their level to that of the 
pump; they may be raised from the level 
of the pump to a higher level. 

Q. Do pumps always " raise " by either 
method, from one level to a higher one, 
the hquid which they transfer? 

\. No ; in many cases the liquid flows 
by gravity to the pump; and in some it is 
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delivered at a. lower level than that at 
which it is received. 

Q, Where a pump is not used for rais- 
ing.a-liqpid to> higlier level, for what is 
it generally used ? 

A. To increase or decrease its pressure. 

Q. What classes of fluids are handled 
by pumps ? 

A. Two ; liquids and gases. 

Q. Name some gases which are handled 
' by pumps ? 

A. Air, ammonia, lighting gas, oxygen, 
etc. 

Q. Name some liquids which are 
handled by pumps ? 

A, Water, brine, beer, tan liquor, mo- 
lasses, acids and oils, 

Q. Where it is not specified wliether a 
pump is for gas or for liquid, which is 
generallj- understood ? 

A. Liquid. 

Q, What gas is most frequently pumped? 

A. Air, 

Q, What liquid is generally understood 
if none other is specified for a pump ? 

A. Water. 

Q. Can pumps handle hot and cold 
liquids ? 
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L Yes; though cold are easier handled 
than hot. 

Q, What is the difference between a, 
fluid and a. liquid ? 

A. Every liquid Is a fluid ;, every fluid 
is not a liquid. Air is a fluid ; water is 
both a fluid and a liquid. ", Every Jiquid 
can be poured from one vessel to another. 



Q. What causes the water to rise in a 
pump by so-called suction ? 

A. The unbalanced pressure of the air, 
upon the surface of the liquid below the 
pump, forces the water up into the suc- 
tion pipe, when the piston is withdrawn 
from the liquid. 

Q. How much is the pressure of the 
atmosphere ? 

A. At the sea level about 14.7 lbs. per 
square inch, or 2096,8 lbs. .per square foot. 

Q, In what direction is this pressure 
exerted ? 

A. In every direction equally. 

Q. What tends to prevent the water 
from being lifted ? 

A. The force of gravity, which is the 
result of the attraction of the earth. 
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Q, In what direcrion does the force of 
gravity act ? 

A. In radial lines towards the centre 
of the earth. 

Q. With what force does this gravity 
act? 

A. That depends upon the substance 
upon which it is acting. 

Q. Why do you refer to the level of 
the sea in speaking of the pressure of the 
air and the weight of water ? 

A. Because the air pressure becomes 
less, as in rising above the sea level we 
recede from the centre of the earth, and 
the weight of a given quantity of water 
or of any other substance becomes less 
than it is at the sea level, as we approach 
to or recede from the centre of the earth. 

Q. How is it that the weight of any 
substance becomes less if you go either 
above or below the sea level ? 

A. The farther you go from the earth, 
the less its attraction, and the less a given 
body will weigh upon a spring balance. 
The farther down into the earth you go, 
the nearer you get to the centre of the 
earth, at which, there being attraction 
upon all sides, any body would weigh 
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nothing. Goinp from the surface of the 
earth towards its centre, then, a body 
weighs less and less upon a spring balance. 

Q. Why do you specify a spring bal- 
ance ? 

A. Because in weighing by counter- 
poise, both the body to be weighed and 
the counterpoise by which it was weighed, 
would change their weights in the same 
proportion, as the position with regard to 
the centre of the earth was changed. 

Q. By what may the pressure of the 
air be determined ? 

A. By what is called a barometer. 

Q. How many kinds of barometer are 
there ? 

A. There are two principal kinds ; the 
mercurial and the aneroid. 

Q. What is a mercurial barometer? 

A. In its simplest and most usual form, 
it consists of a glass tube, about 35 inches 
long, or less, closed at one end, and hav- 
ing its open end dipping beneath the sur- 
face of some mercury. The tube having 
been entirely filled with mercury, its open 
end having been temporarily closed and 
placed beneath the surface of the mer- 
cury reservoir, the pressure of tKe '■ 
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holds the mercury up in tlie tube, at a 
height of about 30 inches, more or less, 
according to the position with regard to 
the sea level, and to the condition of the 
atmosphere as regards dampness. 

Q. What is in the space above the top 
of the column of mercury in the mercurial 
barometer ? 

A. A vacuum, unless there may be 
some slight vapor of mercury. 

Q. Suppose water were substituted for 
mercury in making a barometer, how high 
would the column be if the vacuum was 
perfect ? 

A- About 33 or 34 feet. 

Q. Could you make a column of mer- 
cury, thus held up by the unbalanced 
pressure of the atmosphere, fill a longer 
tube than 30 or 31 inches? 

A. Yes; the length has nothing to do 
with it ; it is a question of height above 
the level of the liquid in open air. By in- 
clining the tube you might have a mer- 
cury column 10 feet or 100 feet longj 
but it would not be over 30 to 31 inches 
high, and the pressure at its base would 
only be about 14.7 pounds per square 
indi as a maximum. 
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Q. Is there any practical applicalion of 
is principle to the placing and working 
of pumps ? 

A. Yes. You may make a pump 
trail" water a very great distance, so 
long as the lift is not over 34 feet as a 
maximum. 

Q. What limits the length of "trail" 
which can be given to the suction pipe of 
pump? 

A. The friction of the liquid in passing 
through a pipe, and perhaps the friction 
of the particles of liquid among them- 
BClves. 

Q, Can water be drafted any greater 
leight than 34 feet by any special device ? 
A. Yes; such an arrangement is shown 
a the accompanying sketch, contributed 
D the American Machinist by one of its 
eorrespon dents. In the case which he 
quotes, the distance from the surface of 
ie water to the auction valves of the 
lump was 37 feet, with but slight varia- 
ions. 

About 25 feet from the bottom end of 
uction pipe is a tee, with nipple and 
etbow. From this elbow a pijje, b, of the 
diameter of the suction pipe, e.W.e.'a.'ia 
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to the same height, and is covered wi± a 
cap. The punij) is connected to suction 




Fig, I.— drafting 



at a. There is a check valve at the bot- 
tom end of suction pipe. Fill both pipes 
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with water, then screw the cap air tight on 
the top of the stand pipe L The action 
of the pump will suck the water out of the 
stand pipe, and form a vacuum in it that 
will sustain the water in the suction pipe, 
BO that the pump will lift the water the 37 
feet. (I cannot vouch for the working of 
the device). 

Q. Wliat are the causes which princi- 
pally prevent pumps from lifting up to the 
normal maximum ? 

A. Friction; leakage of air into the 
suction, chokes in the suction pipe. 

Q. Can a liquid be "drafted" without 
the expenditure of work ? 

A. No. In drafting a liquid to the full 
height to which it can be drafted, at least 
as much power must be expended as 
would lift the same weight of liquid that 
height by any mechanical means ; only the 
amounts of friction being different, 

Q. Then what advantage is there in 
having a pump draft its water to the full 
possible height, over having it force the 
water the full height ? 

A, Convenience in having the pump 
Lhigher up. 

Q. Can a pump throw water hi^h« « 
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farther, with a given expenditure of power, 
where it flows in, than where it must draft 
its water? 

A. Yes ; on the same principle that it 
can throw farther or force harder where 
the water is forced to its suction side than 
where it merely flows in. 

Q. What is the use of the suction 
chamber ? 

A. To enable the pump barrel to fill 
where the speed is high ; to prevent 
pounding, when the pump reverses. 

Q. Upon what does the lifting capacity 
of a pump depend P 

A. When the pump is in good order its 
lifting capacity depends mainly upon the 
proportion of clearance in the cylinder 
and valve chamber to the displacement of 
the piston and plunger, 

Q. Which will lift further, an ordinary 
piston pattern pump or a plunger pump? 
and why? 

A, Other things being as nearly equal 
as they can be made between these two 
pumps, the piston pump will lift the far- 
ther of two, because the plunger pump 
has the most clearance. 

Q. What is the advantage of the sue- 
tlon chamheiy 
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A. To assist the pump ia drafting, 

especially at high speed. 



Q. What is the advantage of the air 
I chamber ? 

A. To make the stream steady, 
Q. What difficulty is sometimes met 
with in using an air chamber ? 

A, Where the pressure is very great 

L sometimes the air is absorbed by the 

1 water, and tlius the cushion is destroyed. 

Q. How may this be remedied ? 

A. One of the best ways is to have a 

closed rubber bag filled with air, which 

will have all the elasticity of the air space, 

without being liable to lose its cushion 

power. 

Q. Where has this been applied with 
f especial success ? 
A. In fire engines, 

Q. What will be the volume of the air 
I in the air chamber of a force pump, when 
] the pump is forcing against a head of 33.8 
I feet P 

A. It will be reduced to half its ordin- 
\axy volume, because it will be at the pres- 
■suie of two atmospheres. 
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Q. " What is the reason that a Steam 
mp of the horizontal double acting type 
)uld throw an intermitting stream under 
issure, like the stream from milking a 
V, only not quite so bad as that P 
'I have tried valves of different sizes, 
h different amount of rise, springs or 
ves of different tension, different kinds 
packing in water piston, and different 
:d water ports or passages, without any 
sarent difference." 

\. Steam pumps of the horizontal 
ible-acting type are not alone in throw- 
' an intermitting stream. The same 
Qg shows up in vertical single acring 
Tips ; and all horizontal double-acliog 
npg do not so behave. The steam fire 
^ne shows that no type of pump is ex- 
it from " squirting," 
2- How may this squirting be less- 
J? 

K. By increasing the suction valve 
Fi; by giving more suction chamber 
1 more air chamber ; also by putting 
he air chamber a rubber balloon full 

KINDS OF PDKPS. 

3. Name some of the principal classes { 
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of pumps, as regards their general 
principles of action ? 

A. Kope, chain, cane, diaphragm, jet, 
centrifugal, rotary, oscillating and cylin- 
der. 

Q. What is a rope pump P 

A. One in which, by the rapid and 
continuous motion of an endless rope 
which hangs in the reservoir, water is car- 
ried up to or near to the wheel over 
which the rope runs at the top ; the water 
being there led off by a suitable conduit. 

Q. What is a chain pump ? 

A. A development of the rope pump; 
an endless chain carrying a number of 
disks which fit, though not very tightly, 
in a long tube, extending from below the 
water up to where the latter is needed. 
The rapid continuous motion of the chain 
over a wheel at the top keeps the tube 
or barrel fairly full ot water. 

Q. What is a cane pump? 

A. There is a cylinder, the lower end 
of which dips below the surface of the 
reservoirs, and the upper end of which is 
at the discharge point; a foot valve or 
check valve below the water level admits 
water when the cane or cylinder is lower- 
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ed, and prevents its exit when the barrel 
is raised. 

Q. What is a diaphragm pump ? 

A. One in which the suction or dis- 
charge, or both, are caused by the motion 
of a flexible diaphragm attached to a rod, 
cord or chain, so that the volume of 
the chamber of which the diaphragm 
forms part of the wall is caused to 
change. 

Q. What is a jet pump ? 

A. One in which the fluid to be pump- 
ed is moved by the action of a jet of the 
same or another fluid. 

Q. Give a familiar example of this ? 

A. An ordinary boiler feeding injector, 
in which water is forced by the action of 
a flow of steam. 

Q. May a jet pump either lift, or force, 
or both ? 

A. Yes. 

Q. May either a liquid or a gas be made 
to pump either a liquid or a gas in a jet 
pump? 

A. Yes. 

Q. Is the duty or efficiency of jet pumps 
high ? 

A. No ; generally very low. 
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Q. What is a rotary pump ? 

A. One in which, by the continuous 

rotation of one or more winged pistons in 

a cylinder, a vacuum, or partial vacuum, is 

•formed and the water rushes up to supply 







Fig. 3. — ROTARY PUMP SINGLE REVOLVER. 

its place ; being swept up and discharged 
by the rotating wing or wings. 

Q. Describe a rotary pump having one 
piston ? 
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A, There is an inlet opening, past which 
the wing which fits air tight in the cham- 
ber sweeps. As tlie wing recedes from 
ilid inlet, it forms a partial vacuum and 
the water rushes in, filling the chamber be- 
hind the wing. On the completion of the 
rotation, this charge of water is swept be- 
fore the wing, and the space behind the 
latter is filled with a new charge. 

Q. Why do you say "rotation?" Why 
not use the ordinary word "revolution?" 

A. Because, strictly speaking, a body 
rotates around an axis within itself, but 
revolves about one outside of ilself. Thus 
the earth relates on its own axis and re- 
volves around the sun. 

Q. Describe a rotary pump with more 
than one so-called piston. 

A, There are practically two gear wheels 
with one or more teeth each ; these wheels 
meeting air tight with each other, and 
these teeth fitting air tight against the 
walls of the chamber or so-called cylinder. 
As the teeth, which constitute the wings, 
sweep past the inlet orifice, they make be- 
hind them a vacuum which the water tends 
t rotation they sweep 
this water before them, out of the dia- 



I 



26 PUMP CATECHISM, 

chaige orifice. The flat ends of the re. . 
volvere fit air-tight against the end walls 
of the chamber. 

Q. What is an oscillating pump ? 

A. As generally applied, the term re- 
fers to that class of pump in which the 
piston, or what corresp find ends to it 




Fig 4- 

works in the arc of a arcle partially 
around some real or imaginary centre <rf I 
motion I 

Q Whai other meaning might the term j 

A. It might mean a pump which had I 
pistons reciprocating iu cylinders, which ' 
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latter swung about a, central point of mo- 

Q. What is a direct steam pressure 
pump? 

A, One in which tlie liquid is pressed 
out by the action of steam upon its sur- 
face, without the intervention of a piston. 
Among these we may mention the mant- 
jiis used in sugar refineries, etc., and the 
"pulsometer" (which see). 

Q. What is a cylinder or reciprocating 
pump? 

A. One in which there is a cylinder in 
which tliere fits, air tight, a reciprocating 
piston or plunger. Motion of this piston 
or plunger in one direction causes a par- 
tial vacuum, to fill which the water is 
pres'eJ by the atmospheric pressure, or 
by its head or other pressure, A suc- 
tion valve prevents the return of this 
inrushing water on the return stroke of 
the piston or the plunger; and a discharge 
valve permits the outward passage of the 
fluid from the pump, but not its return 
thereto, or to the reservoir througli the 
auction pipe. (Wlien a valve is spoken 
of, it is understood that there may be sev- 
eral valves dividing and performing the 
functions of one.^ 
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Q. What is a sinking pump ? 

A. One which cart be raised and low- 
ered conveniently, for pumping out 
drowned mines, etc. 

Q. Into what main general classes may 
reciprocating cylinder pumps be divided ? 

A. Intosingle acting anddouble acting. 

Q. What is a single acting reciprocat- 
ing pump ? 

A, One in which each reciprocation or 
single stroke in one direction causes one 
influx of fluid, and each reciprocation or 
single stroke in the opposite direction 
causes one discharge of fluid. In other 
words the pump, as regards its action, is 
single ended. 

Q. What is a double acting reciprocat- 
ing pump? 

A, One in which each end acts altemate- 
^ for suction and discharge. Reciproca- 
tion of the piston in one direction causes an 
influx of fluid into one end of the pump 
from the source, and a discharge of fluid 
at the opposite end ; on the return stroke 
the former suction end becomes the dis- 
charge end. In other words, the pump is 
double ended in its action ; or is " double - 
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Q. What is the special advantage of 
having double acting"puTiip cylinders ? 

A. The column of water is kept In 
motion more constantly, and hence there 
is less jar; smaller column pipes maybe 

Q. Properly speaking, what is a piston 
pump? 

A. One in which there is a. cylindrical 
reciprocating piece fitting air tight in a 
cyhnder, and actuated by a piston rod 
having considerably less area of cross-sec- 
tion than the piston head. 

Q. Into what classes may piston pumps 
be divided ? 

A. In some very familiar types of piston 
pumps, there is a valve in the piston head 
permitting the passage of fluid through it. 
In others the piston is "solid;" that is, 
no fluid passes through it. 

Q. ^Vhat is a plunger pump ? 

A. One in which the reciprocating por- 
tion which enters the pump barrel and fits 
air tight therein is of the same area 
throughout. No fluid passes through 
it. It acts by its displacement only. 

Q. Wliat is the special advantage of 
plunger pumps? 
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A. They have less friction than piston 
pumps, and the packing is more readily 
got at to adjust, 

Q. What is one of the disadvantages of 
a plunger pump ? 
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Fig. 5.— valveb piston, single acting pump. 

A. It takes up more room than 3 piston 
pump. 

Q. Wliat may be said of double acting 
piston pumps ? 

A. They act as though they were double 
acting plunger pumps; they are so in 
effect 
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Q, As what may the bucket plunger 
pump be classed ? 

A. As an ordinary lift pump, backed 
with a plunger of half its ajea. (See 
under " Special Makes of Pumps.") 




Q What are the different classes ofj 
pumps, as regards the method of driving J 
themF 1 

A. They may be driven by hand or by 1 
" power." 
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Q. Whataretheclassesofpowerpumps? 

A. Those driven by belt and by gear- 
ing with a, connecting roi from a crank or 
eccentric, and by steam against a piston. 

Q. What are the advantages of belted 
power pumps ? 




A. They will permit of considerable ir- 
r^ularity of power, and yet may give 
quite regular delivery of hquid, by reason 
of the belt slipping. 

Q. Wliat are the disadvantages of belt- 
ed pumps ? 
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A. As fire pumps they are apt to be 
crippled whea most needed ; tliey cannot 
be given as many clianges of speed as di- 
rect acting or otlier self-contained pumps. 




Q. "What is the advantage of geared 
pumps? 

A, They are positive in their action, 
hence do not slip under great pressure. 

Q. How may those pumps which are 
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driven by steam against a steam piston 
be divided ? 

A. Into those which have a fly wheel, 
and those which have no fly wheel. 

Q. Into what classes may tliose pumps 
which are driven by steam, without a fly 
wheel, be divided ? 

A. Into direct acting and duplejt. 

Q, What is the advantage of a fly wheel 
steam pump ? 

A. Sieadiness of action ; tlie capability 
of using the steam expansively. 

Q. What are the disadvantages of fly . 
wheel pomps? 

A. Great weight ; inability to run them 
very slowly without gearing down from 
the fly wheel shaft, as the wheel must run 
comparatively rapidly. 

Q, Wliat two ways are there of driving 
a fly wheel pump with a crank? 

A. By a "Scotch yoke," and by a con- 
necting rod. 

Q, What is the advantage of the Scotch 
yoke? 

A. The first half of the out stroke of 
the yoke corresponds to the first quarter 
of the crank revolution j and so on all 
around the revolution. This is not the 
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case with the connecting rod, in which 
each quarter of the revolution of the crank 
corresponds to more or less than a half 
stroke of the piston or plunger. 

Q. What is a direct acting steam 
pump ? 

A. One in which there is no rotaiy 
motion, the piston being reversed by an 




impulse derived from itself at or near the 
end of each stroke. There is but one 
steam cylinder for one water cylinder ; the 
valve motion of the steam cylinder being 
controlled by the action of the steam in 
that cylinder. 



Q. What is the peculiarity of the duplex 
type? 




A. There are two steam cyHnders and 
two water cylinders ; the piston of one of 
these cylinders works the valve of I'nft 
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other cylinder, and vke versd. Neither 
half can work alone. This name is en- 
tirely arbitrary. 

Q. How would you call a pumping 
machine in which there were two steam 
cyhnders, each operating a water cylinder 
in line with it; each half being a perfect 
pumping machine independent of the 
other side ? 



Fig. 13.— BLAKE DOUBuE FLY WHEEL PUMP. I 

A. A "double" pump. \ 

Q. Can a direct acting steam pump 

use steam expansively P 

A. Not to any extent; in fact there 

would be danger of sticking upon the 

centres in most cases, if there was lap and 

expansion. 
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Q. What is the reason thai a ai 
cylinder engine cannot well revene a 
mthout a fly wheel, by n 
nary single D valve ? 



%ot the<xi£- 



A. Because when ihe ralre wzi at 
mid travel, both pans of the Tal»« teat 
would be closed by the valTc ^fxs, and 
neither exhaust nor admisaoo take jiace. 

Q. What means are employed in a 
direct acting steam pump to idovc the 

A. A small supplementaiy ptstoa m 
used; this supplementary piston being 
actuated by the main piston in any one of 
several different ways. 

Q. What are the prindpal wajt ol 
working the supplementary jnstOQ from 
the main piston ? 

A, (i) The main piston strikei die 
tappet of a small valve, which opens.an 
exhaust passage in one end of the cytiDdcr, 
containing a supplementary plstcm, aod 
having live steam pressing upon botii 
ends of the supplementary piston ; (a) 
by the main piston striking a rod passing 
through the cylinder head, and moving a 
lever which controls the motion of the 
part of the mdo valve, to which it at 
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tached the valves which move the suppIC' 
mentary piston ; (3) the main piston rod 
carries a tappet arm, which twists the 
stem of the supplementary piston, thus 
uncovering ports which cause its motion ; 
(4) a projection upon the main piston rod 
engages the stem and operates the valve 
which moves the supplementary piston ; 
but if that valve should not, by means of 
its steam passages, cause quick enough 
or sure enough motion of tlie supple- 
mentary piston, a lug upon this stem 
moves the supplementary piston. 

Q. In the first of these four classes, 
what is the principal element in the valve 
motion ? 

A. A difference in area between the 
eduction port of the supplemental piston 
and its induction ports. 

.Q What is the principal feature in the 
second class? 

A. A regular slide valve letting steam 
upon alternate ends of the supplemental 
piston. 

Q. In the third class, what is the main 
feature ? 

A. A twisting motion in the supple- 
mental piston. 
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Q, In the fourth class, what is the prin- 
cipal feature ? 

A. Movement of the supplemental pis- 
ton by steam controlled by a slide valve, 
and by the mechanical action of the sUde 
valve itself if its steam distribution is de- 
fective. 

Q. What are the objections to most 
pumps of the direct acting type ? 

A. The unbalanced condition of the 
auxiliary pistons in the exhaust side, caus- 
ing a loss of steam when the parts are 
worn; the choking up of the small ports 
for the auxiliary pistons, by the gumming 
and caking of the oil therein. 

Q. Can the ordinary direct acting steam 
pump use steam expansively ? 

A. No. 

Q. How may this be done ? 

A, By compounding. 

Q. What is to be taken into consider- 
ation in the use of compound steam 

A. That they are designed for a certain 
range of pressure — say from 40 to 60 
pounds boiler pressure, and will do their 
best work between these pressures. 

Q, Have all direct acting steam ^OTai^ 
iotermittent valve motion? 
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A. No; there are some which have 
continuous valve motion. 

Q. In most direct acting steam pumps, 
are the auxiliary piston heads made to- 
gether or in separate pieces? 

A- Together. 

Q. Are they in contact with the steam 
in the chest ? 

A. Yes. 

Q. What is the usual outline of the 
ports of the auxiliary steam pistons in 
most direct acting pumps ? 

A. Thus: 

Q. What is the objection to this ? 

A. Oil and condensed steam collect 
there, and there is a tendency for them to 
get gummed up. 

KINDS OF VALVES. 

Q. What are the principal kinds of 
water valves used P 

A. They are generally three: hinge 
(also called clappets), poppet and ball. 
There are some which are combinations 
of the first two, as, for instance, in the 
Canicabuni pump, where the water 



PUMP CATECHISM. 43 

valves both swing and lift. (See under 
this head.) 

Q. What are the advantages of the 
hinge valve ? 

A. It will let comparatively large bodies 
pass through it. 

Q. What is the advantage of the poppet 
valve ? 

A. Compactness; capability of being 
adjusted as to lift and as to quickness of 

FlO. 14. — BALL VALVK. 

closing, and of being constructed of 
almost any desired mateiial. 

Q. What is the advantage of the ball 
valve ? 

A. It can be worked very hard with 
little injury to itself or to its seat ; does 
not clog up as does the poppet. 

Q. What other valves may be men- 
i tioned? 
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A. Conical, in which the action is like 
that of two hands placed palms together 



H m 



Fio. 15.- 



and flexible, which are practically a pro- 
longation of conical valves, permitting 
solid substances of irregular shape and 
considerable length to pass through them, 
the valve closing before and behind the 
body referred tn. 
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Q. Where are such valves used ? 
A. In cesspool pumps. 




AND CONSTRUCT roN. 



Q. What IS necessary in order that 
there shall be no danger of the main pis- 
ton head knocking the cylinder head ? 

A. That the main vahe shall lead the 

Q. What can be said of the arrange- 
ment of the water valves ? 

A. They should have as short passages 
and as few turns in them as possible, to 
lessen the friction. 

Q. For very heavy water pressure, what 
precaution should be taken with the 
valves ? 
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A. They should be allowed to seat 
thoroughly, by making the piston stop and 
start slowly at the end of each stroke. 

Q. What amount of lift must a poppet 
valve have, in order to give an area of dis- 
charge equal to the area of the opening ? 

A One-quarter of the diameter. Thus 
a valve 3 inches in diameter has an area 
of 3 )(3 X. 7854— 7.0686 square inches; 
i's circumference is 3 x3. 1416=9,4248 
inches. Now as 9.4248x4—7.0686, we 
have a full circular area of the valve 
diameter given by a lift of only ^ the 
diameter. This is true of any other 
diameter of valve. 

Q, What limit should be put to the 
motion of a hinge valve, and why ? 

A, It should not go beyond the 45° 
line, so that it will be liable to seat more 
freely. 

Q. Where is the best place for the sue- | 
tion valve of a piston pump ? 

A, As near the piston as possible, to 
lessen the clearance. 

Q, What should be the capacity of the 
air chamber for ordinary pumps ? 

A. About 12 to 15 times the capacity 
of the barrel. 
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Q. For fire engines, what should be the 
capacity of the air chamber to give the 
best results? 

A. About 20 times that of the cylinder. 
Thus a cylinder 4x6 having a capacity of 
4x4x. 7854)4 6=75. 4 cubic inches, would 
call for a sphere having a diameter of 
V75'4>t2o-i-.5236=V307i = i4.53 inches. 

Q. For deep well pumping, where 
should the pump cylinder be placed ? 

A. As near the water as possible. 

Q. For deep well pumping, where 
should the steam cylinder be placed ? 

A. As near the surface of the ground 
as possible. 

Q. Why should the steam cylinder of a 
pump be near the surface of the ground? 

A. So that it may be attended to 
readily. 

Q. For vertical work, how may the 
motion of the pump piston be made uni- 
form upon the up and the down strokes ? 

A. By having a separate valve for each 
end. 

Q, For deep vertical work, sliould there 
be a counterbalance ? 

A. It is best for very large sizes. 

Q. What is a good arrangement 
hydraulic pumps ? 
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A. To have two, one of which shall 
woik fast, up to a certain pressure, at 
which it will stop and the other one do 
the rest of the work more slowly. 

Q. In case the liquid to be pumped is 
very strongly acid, what may be done ? 

A. There may be used a removable 
cylinder lined with porcelain. 

Q. What is the advantage of having re- 
movable cylinders ? 

A. The pump may be used for different 
service by using cylinders with smaller 
bores for greater work. Railroads having 
a great number of pumps along their line 
requiring different service, can keep one 
line of extras and repairs, except cylin- 
ders, for all the pumps along the line. 

Q. What special precaution should be 
taken where the water is very greasy ? 

A. To have the pump cylinders lined 
with a removable bush of gun metal or 
other bronze. 

Q. Is it necessary to change the lining 
of a pump cy Under when it becomes 

A. Not always. In some cases it may 
be turned as it gets worn slightly out of 
round. 
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Q. \VIiat is one special advantage in 
having a removable bush or lining in the 
water end of a pump ? 

A. If fhe pressure is too great for the 
size of bore first given, a lliicker lining 
may be used, so as to take a piston of 
smaller diameter and enable greater pres- 
sure to be pumped against. 

Q. What is the use of the hand power 
attachment upon boilerfeeding pumps? 

A. -They may be used when steam is 
down, to feed the boilers, wash decks, etc. 

Q. What is the advantage of a short 
stroke pump? 

A. Compactness. 

Q. What is the disadvantage of a short 
stroke pump ? 

A. Increased number of reversals. 

Q. What is the advantage of having an 
independeDt condenser to an air pump ? 

A, A vacuum may be formed for tlie 
steam cylinder before the machine is 
started up. 

Q. Is there any substitute for the fly 
wheel upon the steam end of a pumping 
engine? 

A. Yes. The Worihingtons emplojr,. 
in some of their engines, two smiU osal- 
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lating cylinders attached to an extension 
of the plunger rod of tlie engine, prefer- 
ably beyond the water end. These cylin- 
ders and their connecting pipes are filled 
with water or other liquid. Compressed 




air from a storage tank is admitted at a 
suitable pressure to maintain a constant 
load upon the pistons in the cylinders, 
through the medium of the interposed . 
water. These [ustons act in such a way 
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with respect to the motion of the engine, 

as to resist its advance at the commence* 
ment of the stroVe and assist it at the 
end ; the air, meanwhile, exerting its un- 
varying pressure at each point of the 
stroke. By alternately taking up and ex- 
erting power through the ditference in the 
angle at which their force is applied with 
respect to the line of motion of the plunger 
rod, these two cylinders in effect perform 
the functions of a fly wheel ; but they 
utilize the constant pressure of the com- 
pressed air instead of the energy of mo- 
mentum. 

Q. What is claimeu for this device as 
against fly wheels for pumping engines ? 

A. The regularity of its action is inde- 
pendent of the speed at which the engine 
is run. They are as good regulators at 
lo strokes per minute as at loo. 

Q. About what proportion of pump and 
steam cylinders should be taken *br con- 
denser circulating pumps ? 

A. The steam cylinder should have 
about 4 the area of the water cylinder, so 
that for lo pounds water pressure or li 
about 35 pounds steam pressure would 
move the pump. 
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Q. What should be said about the loca- 
tion of a pump? 

A, It should be a^ near the source of 
supply as is convenient, 

Q. A '■ Nye vacuum " pump is used for 
supplying a quarry. The pump now stands 
in the boiler room, and draws the water 
through 250 or 300 feet of suction pipe. 
Soon the lift will be too great as we go 
deeper. Will it be perfectly practical to 
place the pump at the bottom of the hole 
and supply it with steam from the present 
boiler? The steam pipe, of course, to be 
well covered. 

A. The pump has a good long " trail" 
as it is. Perhaps with less trail it would 
stand more lift ; and the trouble of plac- 
ing the pump out of the reach of regula- 
tion would be avoided. It might not be 
a very expensive matter to put the pump 
at the top of the hole a.ndfi>ri:e the 25001 
300 feet horizontally ; you would save the 
cost of steam pipe down to the bottom of 
the hole, and of erecting the pump down 
there. A foot-valve to suction pip3 might 
help things. But I see no reason why the 
pump would not work at the bottom of 
the hole — or part way down if more con- 
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venient. Care sliould be taken, as you 
say, to lag tlie steam pipe so as to prevent 
condensation and loss of pressure. A 
trench full of sawdust is a good non-con- 
ductor, where it can be kept dry. 

Q. What may be said about conven- 
ience in repairs ? 

A. The pump should have room left 
upon all sides ; and upon both ends equal 
to its length, for the removal of the piston 
rods in case of repairs. 

Q, What is the best foundation for 
pumps ? 

A. A good plank floor is good enough 
for most small pumps; skids for larger 
ones. 

Q. If the floor is not strong enough, 
how may a good foundation be made? 

A, By digging 2 or 3 feet into the 
ground and building up the proper height 
with sione or brick laid in strong cement. 

Q. What may be said about suction 
pipes ? 

A. They must be as large as possible ; 
the longer they are the greater in diameter 
they should be ; they should be as straight 
as possible, and as free from bends and 
valves ; they must be air tight ; they must 
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not be allowed to get obstructed by foreign 
substances. 

Q, What may be said about the area 
of strainer holes? 

A. They should have an aggregate area 
about 5 times that of the suction pipe. 

Q. Where are foot valves necessary? 

A. Upon long suctions or high lifts. 

Q. Should two pumps take their suction 
from one pipe ? 

A, It should be avoided, unless the pipL 
is "■ery large ; and in any case both suctions 
should be arranged so that one of the 
puraps should not have to draft at right 
angles to the Bow of water going to the 
other pump. 

Q. What atrangement should be made 
where it is necessary to have two pumps 
draft from one suction ? 

A. There should be a Y connection. 

Q. What is a good way to reduce the 
friction in suction pipes where there are 
many bends ? 

A, To use bends of wrought-iron pipe 
of as long a radius as possible, instead of 
cast-iron elbows, 

Q. What may be said about the lower 
end of the suction pipe ? 
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A. It ^oold gcnenlhr have z stnioo; 
uidiftbcbftis orer 13 lo 15 feet, shoota 
luive a foot valFC: 

Q. IThal is a good thing to do with the 
discharge pipe near the pomp ? 

A. To put a. check valve in it near tJie 
pamp, to keep back the water in the pipe 
when the water end is to be t^jened for 
inspection or reiwire. 

Q. What provision should be made fw 
priming the pump? 

A. There should be a pipe with a stop 
valve in it connected from the discharge 
pipe beyond this check valve, or from 
some other source of supply, to the suc- 
tion pipe, for ihe purpose of priming the 

Q. When the pump is in position for 
piping, what care shduld be taken ? 

A. That the pipes a e of proper lengths, 
so as not to bring any undue sirain upon 
them in connecting ihem to the pump, as 
in that case they will be liable 10 give 
trouble by breaking or working the joints 
loose and leaking. 

Q, Does any pipe have an effective 
diameter as great asiCs nominal diameter? 

A. No, because the sides retard the 
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flow of the liquid; there is a neutral film 
of liquid which practically does not move. 

Q. Upon what does the thickness of 
this film of liquid depend ? 

A. Upon the viscosity (commonly mis- 
called the "thickness") of the liquid; 
upon the roughness, material anddiameter 
of the p'pe ; the pressure, etc, 

Q. Wlien long lines of pipe are used, 
should the diameter of the pipe be the 
same all the way along, or should there by 
sections be decreasing diameter as the 
distance from the pump increases ? 

A. Most emphatically the pipe diam- 
eter should remain constant clear out to 
the end. 

Q. What amount of power is consumed 
by friction of water in pipes ? 

A. The following table, on the author- 
ity of G. A. Ellis, gives this : 
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Q. What is the best contour for pipe 
to be laid to, where the pipe is of uniform 
diameter ? 

A. To a uniform slope. 

Q. What is the " hydraulic mean gradi- 
ent"? 

A. It is an imaginary straight line which 
is drawn through to the levels in a num- 
ber of small vertical tubes tipped into the 
top of a sloping pipe, from the lower end 
of which the water was free to flow. 




Fig. 19. — HYDRAULIC MEAN GRADIENT. 

Q. Suppose the laid grade of the pipe 
was not regular, but that there was a 
hump which rose above the main ; what 
should be done about the diameter of the 
pipe in this humped portion ? 

A. Referring to the figure : A JS is the 
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level, A JF" the hydraulic mean gradient; 
now that part of the pipe between C and 
D should have a diameter larger than 




Fig. 20. — CONTOUR of pipe. 

from A to C; from D to Fit may be of 
smaller diameter. 

Q. Supposing the diameter and length 
of two mains the same, what may be said 
of their discharges? 

A. With constant diameter and length, 
the discharges are as the square root of 
the head ; thus for heads of i, 2 and 3, 
the discharges will be as i, 1.414 and 

1-732. 
Q. How is the head, as calculated from 

the discharge ? 

A. It is directly as the square of the 
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discharge. Thus for discharges of r, z 
and 3, there would be required heads of 
I, + and 9; the diameter and length of 
pipe being the same. 

Q. With the head and length of pipe 
constant, what is the law concerning the 
dischai^e ? 

A. With constant head and length, the 
discharge will be as the 3.5 power of the 
diameter of the pipe. Thus the diameters 
!'■', a and 3 will give discharges of !'■>, 
z, and 3'" = I, 5.6 and 15.6. 

Q. What is the relation between the 
diameter and the discharge, with constant 
head and length of pipe P 

A, With constant head and length of 
pipe, the diameters will vary directly with 
the 2.5 roots of the discharges. Thus 
with discharges 1, 2 and 3 respectively, 
thediamcters required will be ''V i, ' V a, 
'■V3 = I- 132. i-SS- 

Q. With constant discharge and length 
of pipe, what will be the heads ? 

A. With constant discharge and length 
of pipe, the heads will be as the sth 
power of the diameter. Thus for diame- 
ters I, 2 and 4 there will be required 
heads of 4', a' and 1' = 1024, 32 and i. 
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Q. With constant head and diameter, 
to what will the discharges be proportion- 
ate? 

A. With constant heads and pipe di- 
ameter, the discharges will be proportion- 
ate to the square root of the length of 
pipe ; thus for lengths of i 2 and 4, the 
discharges will be as ^'4, ^2, V', or as 
2, 1.414 and 1.0. 

Q, With constant heads and constant 
pipe diameter, to what will the length of 
pipe be proportionate ? 

A. To the squares of the discharges. 
Thus, discharges r, z, 4, correspond to 
lengths of 4', a', i*; or 16, 4 and i. 

Q. With discharge and pipe diameter 
constant, to what will the head be propor- 
tionate ? 

A. Simply as the length. 

Q. What is Appold's modulus for 
pumps ? 

A, An arrangement by which a pendu- 
lum valve is opposed to the flow of water, 
and when the pressure increases, it swings 
over and partly closes the discharge open- 
ing. 

Q. Is there any advantage in turning 
the exhaust of a stedm pump into the 
suction sids of the pump ? 
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A. In many cases there is considerable 
advantage. It docs away with the noise 
of the exhaust, and if proijerly done, re- 
duces the back pressure upon the steam 
ends, thus practically making the steam 
cylinder " condensing" in its operation. 

Q. Under what conditions would it be 
no advantage to turn the exhaust steam 
into the suction of the pump ? 

A. Where there would be any difficulty 
arise by reason of having the water heated 
by the exhaust ; as for instance, where the 
water had lo be drafted some distance 
by suction, or where cool waier is desired 
for ciiculation purposes. 

Q. In putting a pump together, what 
precaution should be taken as regards 
getting proper joints ? 

A. Wipe all parts before putting to- 
gether. 

Q. What precaution should be taken as 
regards all bolts and screws ? 

A. Oil them before putting in, A lit- 
tle graphite (black lead, plumbago) in the 
oil used for this purpose, is a desirable 
addition. 

Q, What is the best height to place a 
centrifugal pump above the water? 
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A. Eight and one-half feel (Si-') 

Q. At what height will a centrifaga! 
pump give its best effect ? 

A. Seventeen feet li?') 

Q. Above what height does a plunger 
ttun)|i do better then a centrifugal? 

A. Thirty-four feet (34,) 



Q, Wh*t can be said about taking care 
of a pump f 

A. In pUces where an inferior grade of 
Ut>or is employed, oil and dirt are some- 
limca found covering the steam chest and 
pump to the depth of an inch in thickness ; 
■tuHinj; boxes arc allowed to go leaky and 

f;et loose; llic valve motion is never 
ooltcd after ; U^t motion is nevi^r taken 
up, niul the pump will be let run along in 
a Hllpshoil way for months until some acci- 
dent occurs. This wilt sometimes exist 
in places where the engine is well taken 
care of. 

Q, Should not as good care be taken 
of u, Kleam pump as of an engine ? 

* , Yea. It is a steam engine, and the 
,1 it has generally but little adjust- 
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ability, should not reneler it liable to lack 
of care. 

Q. What is a very common thing for 
pump runners to do when anything hap- 

A. To condemn the pump at once, 
without finding out the cause of the trou- 
ble. 

Q. What is one reason of this ? 

A. The man who understands an ordin- 
ary engine thoroughly, will often become 
quite perplexed when he exammes the 
steam ends of a direct acting steam pump, 
because he does not comprehend the 
principal feature of its construction — that 
all direct acting steam pumps which have 
no fly wheels and cranks, must generally 
have an auxiliary pislon in order to carry 
them over the " dead centre." A direct 
acting steam pump is really a double 
engine ; a plain, flat slide valve admitting 
steam to a small piston, which in turn 
operates the main valve, which gives 
steam by the usual arrangement to the 
main piston. 

Q. What would save firemen and en- 
gineers much trouble with steam pumps ? 

A. If they would lake the trouble to 
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examine their pumps carefully, and find 
out the way their valves were arranged 
and actuated. 

Q. Upon what does the successful per- 
formance of a pump depend, in great 
measure ? 

A. Upon its proper selection from 
among the many patterns, differing from 
each other in size, proportion and general 
airangeuient. 

Q. What may be said about the selec- 
tion of pumps ? 

A. Pumps are often selected improperly 
for their work. As an illustration, a man 
who wishes to use a circulating pump for 
a surface condenser, where the water pres- 
sure upon the pump cylinder will never 
exceed 5 to 10 pounds, will buy a pump 
intended for boiler feed work, and having 
its steam cylinder about three times the 
area of its pump cylinder. 

Q. What will be the result in such a 

A. There will be little or no pressure in 
the steam cylinder when working on the 
condenser; and while there is pressure 
sufficient to move the main piston, there 
is not enough to operate the auxiliary 
piston with positiveness. 
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Q. In ordering a pump, or in asking 
estimates, what information should be 

A. In ordering a pump, It is to the in- 
terest of the purchaser to fully inform the 
maker or seller on the following questions ; 

ist. For what purpose is the pump lo 
be used? What is the average steam 
pressure ? 

ad. What is the liquid lo be pumped; 
and is it hot or cold, clear or gritty, fresh, 
salt, alkaline or acidulous ? 

3d. What is the maximum quantity to 
be pumped per minute or hour ? 

4th. To what height is the liquid to be 
lifted by suction ; and what is the length 
and diameter of the suction pipe, and the 
number of elbows or bends? 

Sth. To what height is the liquid to be 
pumped, and what is the length and size 
of discharge pipe i* 

Q. How can an engineer familiarize 
himself with the direction of the auxiliary 
steam and exhaust passages ? 

A, By means of a piece of wire. 

Q. Do the pistons of a direct acting 
steam pump make the same length of 
stroke at all speeds ? 
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A. Very seldom. 

Q. What is the special thing to lookj 
after in duplex pumps ? 

A, That all packings are adjusted uni- 
formly npon both sides. 

Q, What would be the result of having 
the packings different upon the two sides 
of a duplf X pump ? 

A. The machinery would run tm- 
Bteadily. 

Q. If a pump works badly, what should 
be about the first thing to look at ? 

A. The connections, 

Q. When a pump is first connected, 
what should be done ? 

A. It should be blown through to re- 
move dirt ; if it be of the class which will 
permit of removing the bonnets and 
blowing through, that should be done. 

Q. What pump piston speed is recom- 
mended for continuous boiler feeding 

A. About 50 feet per minute. 

Q. What may be said about the care 
and use of steam pumps of all kinds ? 

A, It is important that the pump be 
properly and thoroughly lubricated ; that 
ail slufSng box, piston and plunger pack- 
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ings be niceJy adjusted ; not so tight as 
to cause undue friction ; nor so slack as 
to leak badly. 

Q. Should tallow be used in the steam 
cylinder of a steam pump? 

A. No; because it corrrodes the parts, 
particularly if the steam pressure be high. 

Q. What is the disadvantage of using 
common oil in the steam end of a pump ? 

A. The fwrts and passages of the aux- 
iliary cylinder often gel foul with dirt, etc., 
which will finally eat into the working 
parts, and after a while make them leak 
steam. Or the auxiliary piston will get 
gummed up, and the pump either refuse 
to run or run by fits and starts. 

Q. What is the best oil to use for this 
purpose ? 

A. First-class sperm oil, valvoline, or 
some other lubricant with a reputation. 

Q. What is the best way to lubricate a 
direct acting steam pump ? 

A. With saturated steam, there is 
scarcely need of any lubrication, the steam 
being wet enough for the purpose. But 
under no circumstance use tallow or suet in 
any pump — it is so destructive to the hot 
wearing surfaces of the chest and cylinder. 
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Q, In which end of a steam pumping 
machine is there most likely to be trouble ? 

A. In the water end. 

Q. If a pump slams and hammers in 
its water end, is it necessarily defective in 
its water cylinder ? 

A. No ; it may be that there is no suc- 
tion chamber, or not enougli ; or some- 
times it slams because the suction pipe is 
not large enough. 

Q, What are very common defects in 
cheap grades of pumps ? 

A. Too little valve area in the pnmp 
end ; too great lift for the valves. 

Q. What are the principal causes of 
pumps refusing to lift water from the 
source of supply ? 

A. Among these may be mentioned 
leaky suction pipes, worn out pistons, 
plungers, packings or water valves ; rotten 
gaskets on joints in piping or pump ; and 
sometimes a failure to properly prime the 
pnmp as well as the suction pipe. 

Q. What is one great cause of a pump 
refusing to lift water when first started ? 

A. It often happens that a pump re- 
fuses to lift water while the full pressure 
against which it is expected to work is 
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resting upon the force valves, for the rea- 
son that the air within the pump chamber 
is not dislodged, but only compressed, by 
the motion of the plunger. It is well, 
therefore, to arrange for running without 
pressure until the air is expelled, and 
water follows; this is done by placing a, 
dieck valve in the delivery pipe, and pro- 
viding a waste delivery to be closed after 
the pump has caught water. 

Q. Sometimes when starting, the water 
may not come for a long time; what is 
the best thing to do in this case ? 

A. First open the little air cock, which 
is generally located in tJie top of the 
pump, between the discharge valves and 
the air chamber, to let off any accumula- 
tion of air which may there be confined 
under pressure. Very often, by relieving 
the purap of this air pressure, it will pick 
up its water by suction, and operate 
promptly. 

Q. If a hand pump works badly, how 
is the suction sometimes improved ? 

A. By working it very fast to get it 
started. 

Q. What is the reason for this ? 

A. There is less time given for the air 
to leak in. 
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Q. What precaution must be taken in 
priming the pump ? 

A. The air cock, which should be pro- 
vided at tlie top of the pump, should be 
opened, to allow the escape of the air 
from the suction pipe and from the pump, 
and then the valve in the priming pipe 
should be opened. The pump should 
then be started slowly, as it aids in moie 
completely filling the pump cyUnders, 
whidi otherwise might not occur, and the 
pump might fail to lift water. 

Q. Is there any advantage in having 
air in the suction ? 

A. Sometimes a small amount of air 
let into the suction will cause less jarring 
when the duty is very heavy. 

Q. Is it safe to suddenly let a direct 
acting steam pump " suck wind ?" 

A, There are very few direct acting 
pumps in which there would not be dan- 
ger of knocking out the heads in such 
a case. 

Q. What may be said about pumping 
hot water? 

A. Where the hot water is very hot, it 
should gravitate to the pump, instead of 
an attempt being made to draft it. 
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Q. In plunger pumps, what is about 
the only wearing part at the water end ? 

A. The packing of the plunger stuffing- 
boxes. 

Q. How can a pump be prevented 
from freezing? 

.A. By having draining cocks and open- 
ing them when the pump is idle. 

Q. What may be said about leather 
piston packing for water cylinders ? 

A. For cold water, or sandy, gritty 
water, the leather packing has many 
points to commend it; it makes a tight 
piston, and one that is the least destruct- 
ive to pump cylinders. 

Q. What is the best way to handle the 
square packing mostly employed, which is 
composed of alternate layers of cotton 
and rubber ? 

A. Cut the lengths a trifle short, then 
there will be room for the packing to 
swell, and not cause too mucJi friction. I 
have known pistons where this precaution 
has not been taken to be fastened so 
securely in the cylinder by the swelling of 
the dry packing, that full steam pressure 
could not move them. 

Q. What is the remedy in such a case ? 
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A. Remove the follower, take out the 
different layers of packing and shorten 
their lengths. 

Q. What is the reason ihat sonae soft 
waters corrode pipes so often ? 

A. Because they contain a large pro- 
portion of oxygen. 

Q, Will a pump with a 4' water cylin- 
der and a 4" steain cylinder force water 
into a boiler, the discharge pipe from 
water cylinder being 4" diameter; boiler 
pressure 80 lbs. ? 

A. A pump with a 4' water cylinder 
and 4" steam cylinder will not force water 
into the boiler which supplies it, no mat- 
ter what the steam pressure nor what the 
size of discharge pipe. It will not move. 
The pressures would be equalized and 
there would be nothing to overcome fric- 
tion of steam and water in pipes and cyl- 
inder. 

The foregoing case supposes that the 
water is to be lifted to the pump ; or at 
least that there shall be no head; also 
that there shall be no fall from pump to 
boiler. 

If there were sufficient head or fall to 
overcome all the various frictions, and no 
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lift, the pump would apparently work; but 
really the water piston would be dragging 
the steam pistoa along. 

Q. How may acids be pumped ? 

A. By what is known as blowing up ; 
that is by employing a pump lo put pres- 
sure upon the acid in a closed vessel, 
thereby forcing it through a pipe placed 
in the bottom of the ves&el. 

Q. In case any wearing part of a pump 
gets to cutting, what should be done ? 

A. If it is not practicable to stop the 
pump, nor to reduce its speed, the part 
which is getting damaged should be given 
very liberal oiling. 

Q. What is the best oil for this pur- 
pose? 

A. That depends on the nature of the 
cutting surfaces, and on the pressure 
therein ; the mineral oils are generally 
more cooling than others, although they 
have less body to resist squeezing. 

Q. What may be said of mercury 
(quicksilver) as a cooler ? 

A. It has a good reputation in this re- 
spect. Applied to brass bearings it forma 
an amalgam therewith; dissolving off the 
roughness and forming with the dissolved 



material a pasty substance. It is some- 
what too expensive for frequent use, or for 
application to very large bearings ; be- 
sides which it is troublesome to handle 
and apply. There are cheaper things 
which are more effectual and less trouble- 
some. 
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Q. Wliat is the Acme steam pump ? 
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ACME STEAM PUMP. 



1. Cylinder Head 

2. Piston Follower. 

3. " Rings. 

4. " Head. 

5. " Stuffing Box. 

6. " Stuffing Box Gland. 

7. " Rod. 

8. Upper Yoke. 

9. Yoke Pin. 

10. Slide Box. 

11. Crank Pin. 

12. Lower Yoke. 

13. Plunger Rod. 

14. Water Cylinder Head. 

15. Water Plunger. 

16. Lower Valve Seat. 

17. Lower Valve. 

18. Upper Valve Seat. 

19. Upper Valve. 

20. Shaft Box. 

21. Excentric. 

22. Eccentric Strap. 

23. Valve Stem Pin. 

24. Valve Stem. 

25. " " S. Box Nut 

26. « " S. Box Gland. 



8q pump catechism, 

37. Valve Stem Stuffing Box. 

28. Steam Valve. 

zg. Valve Cheat Nut. 

A. It is shown in figure ai, which has 
proper reference numbers. It differs from 
the "bucket-plunger" pump, in having 
the regular four-valve, double-acting piston 
water-end, discharging the full contents of 
the water cylinder at each single stroke. 
It can be used as a motor by removing 
the plugs in the base, which allow the air 
to come in the drip. 

Q. How would you examine and take 
apart an Acme pump? 

A. To examine water valves, remove 
hand-hole covers — both sides. 

To remove water valves, drive out the 
tapering wedges that hold upper seats in 
place and remove upper seats, when lower 
valve can be taken out tlirough opening 
made by the removal of the upper or dis- 
charge valve seat. 

To remove water piston, drive out ta- 
pering pins from upper and lower yokes, 
remove yokes from rods, unscrew bolts in 
water cylinder head, and lift out water 
piston and rod, taking along with them ■ 
the ivater c/linder head 
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To set or take up wear in slide box, 
and to remove steam piston, same as in 
Bucket Plunger pump (which see). 

Q. What is the construction and opera- 
tion of the sieam end of the Blake 
pump ? 

A. The main valve, which controls the 
admission of steam to, and the escape of 
steam from, the main cylinder, is divided 
intotwo parts, one of which, C, slides upon 
a seat on the main cylinder, and at the 
same time affords a seat for the other part, 
D, which slides upon the upper face of C. 
As shown in the engravings, D is at the 
left-iiand end of its stroke and C at the 
opposite or right-hand end of its stroke. 
Steam from the steam-chest, J, is there- 
fore entering the right-hand end of the 
main cylinder through the ports E and 
H, and the exhaust is escaping through 
the ports v?', E, ^and M, which causes 
the main piston, A, to move from right to 
left. When this/<jto« has nearly reached 
the left-hand end of its cylinder, the valve 
motion (not shown) moves the valve rod 
P, and thus causes C, together with its 
supplemental valves R and ST' " ' 
form, with C, one casting) to b 




of the supplemental cylinder, whereby its 
piston B will be forced lowaril the right, 



carrying D witli it to the opposite or right 
hand end of its stroke ; for the movement 
of S closes N (the steam port kailmg 
to the rig!it-han(l end), and the movement 
of S^ opens A" (the steam port leadiog 




to the opposite or left-hand end), at the 
same tilne the movement of /'opens the 
r ght-hand end of this cylinder to the ex- 
haust, through the exhaust ports X and 
^ Tie poxVi C and D now have posi- 
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tions opposite to those shown in the 
engravings, and steam is therefore enter- 
ing the main cylinder through the ports 
E^ and .^', and escaping through the 
ports M, E, K and At, which will cause 
the main piston A to move in the oppo- 
site direction, or from left to right, and 
operations similar to those already de- 
scribed will follow, when the piston ap- 
proac':(s t!ic righl-hand end of its cyhnder. 

Figs, 26 and a;.— valves of blakk puMr. 

Q. What prevents the main piston A 
from striking the head of its cylinder ? 

A. The main valve has a lead, or, in 
other words, steam is always admitted in 
front of said piston, just before it reaches 
either end of ils cylinder, even should the 
supplemental piston, E, be tardy in ils 
action and remain with D at that end 
toward which the piston A is moving, for 
C would be moved far enough to open 
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the steam port leading to the main cyl- 
inder, since the possible travel of C is 
greater than that of D. 

Q. What prevents the supplemental 
piston B from strikiog the head of its 
cylinder ? 

A. In its alternate passage beyond the 
exhaust ports X and X^, it cushions on 
the vapor entrapped in the ends of this 
cylinder. 

Q. How would you proceed to set up 
a Blake pump if the parts were all lying 
on the floor ready to be put togetlier? 

A. I. Connect the steam and water 
cylinder castings by means of the center 
piece, screwing up the bolts hard. The 
joints between the flange of the center 
piece and the steam cylinder, as also the 
joint between the flange of the center 
piece and water cylinder, are ground 
joints. See to it that the faces of these 
joints are nice and clean before screwing 
up. If the faces are not in gooi! order, 
refoce them. If you have not time to do 
this, make joints of minilla paper. 

a. Put in place each of the piston rod 
stuffing boxes, first by screwing in the seat 
(^SS)- This is screwed in by a long 



wrench having a T end, from the inside i 
of the cylinder. Slip inthe follower(i34J | 



von the cap (133). 



and s 

3. Now pkce the piston rod in the 
pump, after which bolt on the cross head 
(laS). This is to keep the rod from 
turning while you screw on the piston rod 
nuts, etc 

4. Put on the steam piston, first plac- 
ing on the head (136), then the packing 
rings (137), and then the follower (138), 
Screw up the follower bolts (139), after 
which fasten the piston rod firmly by 
screwing up hard on the piston rod nut 
(130). 

5. Put the water piston (140) on to the 
rod, first slipping on the head O41); 
then the segments (r45). Then slack up 
the set screws {146) by their keypins 
(147) and place the rings of canvas pack- 
ing (144) in place, breaking joints. Then 
set out the packing with the set screws 
referred to, after which slip on the fol- 
lower (142) and screw up tight with 
the follower bolts (143). 

Note. — ^If it is a leather-packed piston, 
there are but three parts to the piston, . 
not counting the follower bolts. Now | 
screw on the piston toi umIs. 1,a.i,-Cj, 
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6. We will now complete the fitting up 
of the water cylinder. The suction valve 
seats (50) will be found firmly driven into 
the water cylinder casting. In case new 
valve seats are to be fitted, drive them in 
with a block of wood over the face of the 
valve seat. Drive very hard. See that 
the seat and hole are perfectly cleEtn be- 
fore driving, 

7. Now take the water valve plate (63), 
and after fitting in the valve seats same as 
above, slip on the valves, valve bolts and 
springs, Nos. 51, 52 and 53. Do the 
same for the suction valves. The lug 
bolts and nuts (60) should be put in posi- 
tion ready for lojking down the water 
cylinder top (74). Now screw on the 
air chamber (61) and the try-cock (70). 
The drip plugs (65) should be screwed in 
the bottom of the water cylinder. Then 
place on the water cylinder head (69) 
and fasten on same with the bolts, and 
you have completed the water cylinder. 

S. To complete the steam cylinder, take 
the steam chest or plunger cylinder (71) 
and fit It up complete with the plunger 
(auxiliary piston) (100). Before putting 
in the plunger, place in position its pack- 
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ing rings (lOr). Now put on the heads 
of the steam chest, screwing up hard 
with the bolts (68), Before placing the 
steam chest on the steam cyUnder casting, 
fit in the valve rod stuffing box by first 
screwing in the seat (i i a); then slip in the 
foUower (111) and screw on the stuffing 
box cap (I lo). The valve rod (104) should 
be slipped through the stuffing box seat 
before the latter is screwed in the castini;. 
Now take the steam chest and turn it up- 
sidedown ; drop into place the main slide 
valve (loz), the top part of which will fit 
around the center part of the plunger 
(100). Take tlie movable seat (103), 
which is a casting combining the auxil- 
iary valves and the extension of the main 
steam and exhaust ports, and slip it on 
to the end of the valve rod. You now 
have the main valve and movable seat in 
position. Before placing these parts on 
the steam cylinder, slip on the valve rod, 
the valve-rod collar, and its parts (107, 
108 and 109) on the end nearest the 
stuffing box. Then sfip over the rod the 
sliding tappet (113), after which place in 
position the other valve rod collar. 

9. Now fasten on to the water cylindee 1 
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casting the valve rod guide (105), secur- 
ing it firmly in position with its bolt 
(106). 

10. Place on the steam cylinder casting, 
the steam chest and the parts above 
named. SHde into the valve rod guide 
(105) the end of the valve rod. Before 
screwing down the steam chest, with its 
bolts (67), be sure and examme the face 
between the steam cylinder and the 
steam-chest. This is a ground joint, 
but if it is not in good order, make 
a joint of manilla paper, in case there 
is not time for refacing. If a joint of 
paper or rubber is used, be careful to cut 
the necessary holes in the same for the 
passage-ways to and from the auxiliary 
piston or planger. This is sometimes 
overlooked, and thn consequence is that 
the auxiliary piston fails to operate, and 
the pump will not work. It is well also 
to clean out thoroughly the small passage- 
ways referred to in the steam chest ; also 
those in the main casting of the steam 
cylinder. Bad oil will often foul these 
passage-ways, so that the auxiliary piston 
or plunger will not properly operate ; by 
screwing on the oil cup and drip cocks. 



I 



I 



92 ■ PUMP CATECHISM. 

we have the steam cylinder complete. 
Proceed to complete the job by finishing 
the valve gear, as follows : 

11. Slip ir.to the crosshead (125) the 
pin (126). Now put on the roller (127). 
The pedestal (123) fasten down to the 
centre casting by the bolts (124}. Con- 
nect the lever (117) to the top part of 
the fulcrum, first slipping in the fulcrum pin 
(rrSj and fastening it tight wifli its nut 
(119). Before placing the lever on its 
fulcrum pin (ti8), connect the former 
with the crosshead (I^5). 

12. Now attach the sliding tappet (113) 
to the lever (117) by the link (114). The 
link pin (115) and split pin (116) will 
secure one end of the link to the shd- 
ing tappet. The other end of the link is 
attached to the lever by means of the 
link pin, nut and washer (120, 121 and 

122). 

Note. — One of the great advantages 
in the Blake pump is the ability to ad- 
just the stroke of the pump by a very 
handy arrangement on the valve rod. 
(We refer now to the adjustable collars.) 
These collars can be turned around on a 
thread cut on the rod, so that the dis- 
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tance between them is lengthened or 
shortened at will, allowing more or less 
room for the sliding tappet, which means 
allowing the piston rod to make longer 
or shorter travel. 
' The set screw (io8) locks and unlocks 
the collar. A turn on this set screw 
allows the collar to be "moved freely on 
the valve rod. These collars can be ad- 
justed as well while the pump is in 
motion as when at rest. An important 



Q, What is the Bramah pump ? 

A. It is an oscillating pump, in which 
the piston occupies the diametral plane of 
the cylinder, in which it swings with an 
oscillating motion j there are two hinge 
valves in the piston, both opening from 
the suction towards the discharge; and 
there are in the cylinder two radial plates, 
each containing valves opening from the 
suction to the discharge ; but these 
radial plates are about 30 degiees apart. 
When the piston moves in one direction, 
one of its valves closes and the other 
opens; then one of the valves in the 
radial plates, from which the piston is 
moving, opens and the other closes. 
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Q. What is the construction and opera- 
tion of the " Bucket Plunger " steam 
pump? 

A. It is on the inverted vertical type, 
having a crank and fly wheel driven by a 
Scotch yoke, the lower part of which Is- 
attached to the upper or smaller part of a 
Bucket Plunger,- This style of plunger 
differs from the ordinary single acting 
plunger of uniform diameter, by making 
the lower part which works in the watLr 
cylinder double the area of that part which 
works througli the stuffing box, and by an 
opening in the pump near the top of the 
water cylinder and above the dischai^e 
valve, the space around the smaller part 
of the plunger as it passes down into ihe 
water cylinder is filled, and on the upward 
stroke is discharged from the pump, and 
thus a steady stream is maintained, which 
cannot be done with the plunger of uni- 
form size except two sets of water valves 
is used. Water for both the up and down 
strokes flows in through the suction valve 
when the jilunger rises. The suction air 
chamber J is within the discharge air 
chamber K. 

This pumping machiue may be used as 
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2 motor by withdrawing a lapered steel 
pin and thus disconnecting the pump 
plunger. 

Q, How would you proceed to ex- 
amine and take apart a bucket plunger 
pump? 

A. To examine water valves, remove 
hand hole cover, and drive out tapering 
wedge that holds cage in place, when dis- 
cliarge valve and seat can be taken out. 
Suction valve can be taken out through 
opening made by removing discharge 

To remove water plunger, drive out 
tapering pin from lower yoke ; take pack- 
ing out of stuffing box ; take out the bolts 
that bold body of pump to base; lift up 
the body of pump, and plunger will drop 
out. 

To set or take up wear in slide box, 
loosen jam nuts on underside of yoke ; 
loosen lower half telescope nuts ; set pair 
of inside callipera to the proper distance 
yokes should be apart ; run up lower tele- 
scope nut on bolt to |)roper distance, and 
follow up with jam nut underneath yoke. 
Care should be taken that the faces of 
yokes are parallel, or the box will bind 
and make the pump ruu \vcfi\.eiA';. 
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To remove steam piston, drive tapering 
out of upper yoke ; remove steam cylinder 
head; turn crank on upper centre; strike 
upper yoke a light blow to loosen piston 
rod from yoke, wJien steam piston and rod 
can be removed. 

Q. Describe the construction of the 
Cameron pump? 

Referring to the sectional cuts: Figs, 
30, 31, 32 and 33, pages i>8, 99, 100 and 
loi. 

A, .^ is the steam cyhnder ; C, the pis- 
Ion; D, the piston rod; L, the steam 
chest; F, the plunger; G, the shde valve ; 
M^ a starting bar connected with a handle 
on the outside; II, the reversing valves, 
and KK the bonnets over the reversing 
valves; jV is the body piece connecting 
the steam and water cylinders ; B is the 
water cylinder with the valve chest bonnet 
removed; J/ is a valve seat shown in sec- 
tion (the valve over it being also shown in 
section); 7" is the discharge air vessel. 
Figure 2 shows a sectional view of the re- 
versing valve chamber, with a phosphor 
bronze hning. 

Q. What is the arrangement of pump 
valves in the Cameron steam pump ? 
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A. The cut shows the arrangement of 
the pump valves. Those on the right- 
hand side are shown full, and those on the 
left-hand side in section. The valve chest 
is bored out tapering, and the valve seats 
(made of brass) areforcedin. Thevalves 




SBUiunmiiiiaaanii/ci 
Fig 31 — CAMERON 



are removed by unscrewing the plugs on 
top, and pulling up the spindles. Those 
generally used are made of a casing of 
brass, filled with India rubber, vulcanized, 
in its plare The rubber forms the valve 
face, and the metallic casmg is intended 
to resist the pressure and protects the rub- 
ber from injury. 
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Q. What is the operation of the Cam- 
eron pump? 

A. Referring to the same cut; Suppose 
the steam piston C, moving from right to 
left ; when it reaches the reversing valve 1 
it opens this latter, and exhausts the space 
on the left-hand end of the plunger F, 
through the passage E, which leads to the 
exhaust pipe; the greater pressure inside 
of the stearei chest changes the position of 
the plunger ^and slide valve G, and the 
motion of the piston C is instantly re- 
versed. The same operation repeated at 
each stroke makes the motion continuous. 
The reversing valves Z/ are closed by a 
pressure of steam on their larger ends, 
conveyed by an unseen passage direct 
from the steam chest. 

Q. How may the Cameron pump be 
put together? 

A, " There are no special instructions. 
The cylinders ate brought in line by a 
connecting or bed piece, and all the other 
parts can go only in their proper places. 
Care is necessary in making new rubber 
joints, that the rubber is cut away for the 
steam passages, that the water piston is 
not packed too tight, and that in starting 
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cuttings or dirt are not blown from the 
steam pipe into the reversing valves cham- 
bers to interfere with the proper working 
of those valves." 

Q. Describe the construction and oper- 
ation of the steam end of the Carricaburu 
steam pump ? 

A. Rcfering to the four cuts given 
herewith : Figs. 34 and 35 represent long- 
itudinal sections of both steam and water 
cylinders, and readily exp'ain the whole 
arrangement. The princip^il feature is to 
be found in the valve, which is of the steam- 
actuated type. This valve, which is mark- 
ed F ill the cut, is moved by two small 
pistons, G and G, working in special 
cylinders, as shown. The steam and ex- 
haust ports for the pump cylinder are 
marked 4, 5, 6 and 7, while 10 is a port 
from this cylinder into a cylinder con- 
taining the valve piston G, and 8 a 
similar pott to the cylinder containing 
the piston G'\ 11 and 9 are ports 
between exhaust ports 5 and 6 and 
the c) linders G and G' respectively. 
Presuming the parts to be in the position 
shown, the steam is passing through the 
port 7 and the piston is moving to the 
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the piston C striking the cylinder head. 
The distance between the port loand the 
cylinder head is greater than the thickness 
of the piston, and the steam, thereforf, 
enters the port lo as soon as the piston 
uncovers it ; while the piston is thus com- 
pressing the confined exhaust steam, the 
live steam passes through the poit lo and 
acts upon the piston G, moving it and 
the' valve F. The port 7 is thus closed 
and the port 4, for admitting live steam 
to the cylinder, opened. The exhaust on 
the other side of the piston C is also 
opened by 6 to M, and the piston accord- 
ingly commences to move the other way. 
The exhaust of the steam decreases the 
pressure in the port 10, and the steam in 
the valve-chest, therefore, acting upon the 
rod of the v.ilve piston G, drives the lat- 
ter back b, fore the main piston C uncov- 
ers the port 5, and then the sieam coming 
through 5 and ri holds G in place. The 
steam coming through 10 causes the 
pressures to balance at opposite sides of 
the pislon G, and hence the latter re- 
mains in its normal position. The whole 
action is, of course, repeated at the other 
end of the stroke. 
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^H Q. If from any obstruction the 
^H should be moved just sufficiently tc 
^B actly cover both steam ports 4 a 
^V what would prevent the pump from 
^1 ing to a standstill? 
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^M A. The ports 12 and 15 (Fig, 36) are ^H 
^f provided, passing down into the steam ^^ 
cylind.T, and holes are drilled through the 
valve so thit whea the latter is in tnc po- 
sition mentioned, tliese holes correspond 
with the ports la and 15, as shown in the 
^M top view of the valve and seat, and let 
^M steam into the cylinder. The steam will 
^H then act through the port 8 or 10 upon 
^H whichever valve-moving piston is to be ^^^ 
^H moved further to complete the movement ^^H 
^M of the valve. The openings in the valve |^H 
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^ naturally correspond with the portb 12 
and 15 only at the middle of the valve 
travel, and the ports are closed at all 
other times. It may be added that when 
the valve ^is on iia centre, and the ports 
iz and 15 are open into the steam cylin- 
der, if the steam piston C is covering 
one of the ports 10 or 8, and thereby ob- 
structing the operation of the valve mo- 
tion, the steam admitted by 12 and 15 
will act upon the steam piston, moving it 
until the port 10 or 8, that had been cov- 
ered, is uncovered and the sleam, acting 
through this port upon the valve-moving 
piston, will remove the valve from its cen- 
tral position. 

Q. How is water of condensation re- 
moved from the cylinder of the Carrica- 
buTu pump ? 

A. Beneath the cyhnder is a small 
valve-chamber, T, which is tubular, and 
provided with caps at the ends and valves 
with triangular guide-stems in the smaller 
inner portion of the tubular chamber T. 
The combined length of the two valve- 
stems is greater than the distance between 
the seats for the valves, and there arc 
jxuts 13 and 14 from the ends of the 




Fig. 37.— carricaburu water end, cross 
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chamber T to the steam cylinder, and a 
lateral discharge pipe between the valve 
seats, which may be provided with a cock. 
When steam acts on one side of the piston 
C, the pressure closes the valve upon 
which it acts, opening at the same time 
the other vaJve, so that water of con- 
densation can run off at the exhaust side 
from the cylinder. These operations are 
automatic, the valves closing and opening 
in opposite directions at each admission 
of steam to the cylinder. Two small 
blocks of wood or other similar material, 
one of them being marked P in the cut, 
are arranged in the valve F to act as buff- 
ers for the rods of the independent pistons 
G and G'. 

Q. What are the peculiarities of the 
water end of the Carricabuni pump ? 

A. Mr. Carricaburu en- ploys spring- 
valves which not only lift from their seats, 
but also swing to an angle, thus allowing an 
unobstructed passage of the water. The 
heads of the valve-chest are removable at 
either side to give access to the valves. 

Q. How would you proceed to put to- 
gether a Carricaburu steam pump if all 
the parts were separated ? 
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A. I, Place tlie valve on the ports, 

2. Insert the valve pistons in tlieir re- 
spective cylinders. 

3. Bolt ilie heads on said cylinders. 

4. Move ih-j valve back and forth, over 
its travel, in o.der to push the pistons in 
their proper positions. 

5. Leave llie valve at one end of its 
travel ready lo admit steam. 

6. Repkcc the sit am. chest bonnet. 

Q. What arc the lending icatuics ia 
the steam end of the Davidson |iiuq]i ? 

A. The peculiaiiiy of the sieam cad of 
the Davidson pump is, that it has only 
one valve in the steam chest. This may 
be properly called a compound slide- 
valve with cylindrical face. It performs 
two duties, that of the ordinary slide-valve 
and of the auxiliary valve combined. Its 
duty as a slide-valve is, of course, to recip- 
rocate across the steam ports, to admit 
steam alternately to the iwo ends of steam 
cylinder, and as an auxiliary valve, 
it is oscillaied so as to open and close the 
steam jTOrls that lead lo the ends of the 
steam chesL 

The steam chest is cylindrical and bored 
out to make a face for the slide-valve, and 
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to receive the pistons that assist in opera- 
ting the valve. The pistons are connect- 
ed together, sufficient space being allowed 
between them for the valve and steam 
ports, and they are also connected to the 




Fig. sg.- 



slide-valve, all working in the same plane 
and being of same diameter, thus insuring 
evenness of wear and readiness of access 
for adjustment, repairs, etc. The valve 
is oscillated by an oblique cam, connected 
with the valve by a steel pin passing 
through the valve into the exhaust port^ 
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in which the cam is placed. The mowng 
of the valve does not depend entirely upon 
the steam admitted to the end of the valve 
piston, for, should that not be quick | 
enough to operate on the valve, with thefl 
pump under a high rate of speed, the catsfl 
is so constructed that it will carry the! 
valve mechanically, and thus prevent the! 
piston from striking the cylinder heada.l 

Q. How would you proceed to set upl 
and adjust a Davidson pump if ail the.l 
parts were separated ? r 

A. 1. Should the steam and water cyl-J 
inders and intermediate frame be sep- 
arated for shipment, the person erect 
the pump must carefully wipe all jf 
faces and place the face packing in 
sition. 

a. Select all bolts foi their places, andil 
by lining the cylinders to the marks, allj 
parts will draw in line as I hey are si 
to a tight joint, 

3. The steam chests are always shipped! 
with the steam cylinders on the reguiarB 
sizes, and in the special and larger sizesM 
are so fitted and marked that theoperatotl 
can easily line the chest with its cylindei; W 
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4. When the cylinders and intermediat 
are bolted together, it is best to plac 
these parts on the foundation, then pas 
the piston rod through the stuffing boxes 

5. By passing the rod to the extrem 
end of the water cylinder, the follower 
and cup packing can be pushed on to th< 
rod, and guided into the bore of the bai 
rel, the cups being first softened am 
drawn into form by the former that i 
sent with each pump. 

6. This packing should be moderatel; 
slack at first, as it will immediately swell 
when submerged in the fluid to bi 
moved. 

7. After the pump piston is drawn ti 
place by the nut and special wrench 
move the piston and rod to the other ex 
treme stroke and enter the spring ritij 
steam piston, then draw the same It 
place. , 

8. Place a small amount of packing 11 
each stufEng box, and then traverse thi 
rod and piston forward and backward 
and note point of the bearing of th< 
glands on the rods; if any, then screw 
the glands oji again lo about half posi 
'on, and screw tiie pump to place. 
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9. Then move the pistons as before, 
and if all is free the pump is in line on 
the foundation ; but if the rod is marked 
by a rubbing contact the pump has been 
drawn out of line by screwing it down. 

10. In the latter case, the nuts on the 
foundation bolts must be at once slack- 
ened, and thin packing inserted under the 
lugs or feet. 

11. Of course the foundation bolt holes 
must be marked from a template or the 
pump itself then drilled and the bolts 
dropped into them before the pump is 
finally placed on the lop foundation stone; 
they are then held in position by melted 
sulphur being poured around them. 

I a. The steam valves and movements 
for same, are fitted to gauges, and there- 
fore invariably go to their places without 
trouble. 

13. The throw piston and its centre 
section or main valve will enter from 
either end, and tlie cam will roil into con- 
nection with the driving pin (which enters 
from the top) with ease, as the steadying 
sleeve is so fitted as to bring all parts of 
the valve gear in line. 

14. The cam is of steel, hardened, also 



ir8 PUMP 

the driving pin, and requires no adjust- 
ment at this point, as the stroke can be 
adjusted for the wear that may take place 
by tlie sector and slot at the valve lever. 

15. The cross-head is firmly fixed to 
the piston rod by a set screw, and is also 
marked to position, and the cross-head is 
thus adjustable to alignment to the guide ■ 
which supports its outer end, wear beingJ 
provided fisr, by a brass gib fastened tol 
place by a screw. I 

16. At the steam end, proper holes area 
drilled for liberal sized drip cocks, aadfl 
these must in all cases be piped in the 
most direct manner and connected to a 
trap if there is one within a reasoaabtejH 
distance. 

17. The steam pipe to all steam pum 
should enter a small receiver before ( 
necting to steam chest, in order to col 
the water from condensation, this w: 
being conducted to the trap, 

iS. The above method will insure c 
steam, and prevent water hammer on theil 
steam valve and piston. 

19. The exhaust should be carried 
away in a. pipe as free from elbows 1 
possible, and both steam and exhant 
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pipes must have a union joint, say two 
feet above the joints on the cylinder, for 
convenience in repairing. 

20. At the water end it will be found 
that the suction valve seats are screwed , 
to their position, while the delivery valve 1 
seats are drawn to theirs by the stems I 
which are common to both. The spring 
and the rubber valves being first slipped 
onto the stems, 

21. For cold water there is a moder- 
ately soft rubber valve, and for hot water i 
a hard one. 

22. The suction pipe must always be i 
connected with care. If a high hft on I 
the suction is required, paint all joints after j 
screwing up, and if there is trouble in get- 
ting and holding the water, first examine ] 
the rubber valves and their springs, then J 
the suction pipe, by holding the flame of 1 
a lamp to each joint, and any leaki^e will [ 
draw in the flame. 

23. On the suction pipe or chest should I 
be placed a half-inch angle check valve 
and stop cock, in order to supply the air 
chamber at any time that an extra amount 
of absorption may take place at the air I 
chamber, by the moving column of water; f 
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24. Finally, in starting always 
steam end of a!l water of cond 
with the drip cocks 



and r 



open, at a 



very slow speed for the first five minutes. 

Q. Describe the construction and ofv 
eration of the Dean Bros, steam pump 
valve gear ? 

A. Fig. 41 is a vertical section through 
centre line of cylinders. Figs. 42 to 47 
show the steam valve gear in detail. Fig. 
48 shows the pump in perspective. The 
operation of the steam valve gear is as 
f(^ows : The main slide valve has a lug 
on its back which fits into the auxiliary 
piston £, The valve is carried back and 
forth by said piston. The auxiliary 
valve .^slides on the valve seat E2, and 
is provided on its underside with the 
diagonal exhaust cavities dd. The valve- 
rod Fi is secured to the valve F, and 
has its outer bearing in a slud F2, fa.st- 
ened to a post F^, bolted to the main 
frame of the steam pump. The porta 
^ ill and f are arranged in the shape of a 
triangle on the face of valve-seat Fi, and 
the di^onal cavities d and d, on the 
underside of the auxiliary valve i^ diverge 
from each other, whereby the cavity ^ 
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connects the ports b and c, and the cavity 
d connects the ports d and c when the 
auxiliary valve 7^ is in extreme positions. 
The operation is as follows : When the 
main piston moves from left to right, the 
auxiliary valve .^is moved in an opposite 
direction by the valve-rod J^i and con- 
necting link ff, attached to the upper 
part of the lever G, which is actuated by 
the piston rod carrying the lower end of 
the lever G with it in the movement to 
the right. The auxiliary valve /"opens 
the port d\ to admit steam to the sub- 
cylinder E\ at the moment the main 
piston has reached the lirait of its stroke, 
whereby the auxiliary piston E is forced 
to the left, thereby opening the main port 
and admitting steam to the cylinder, and 
consequently reversing the movement of 
the main piston. On the return siroke - 
of the main piston the piston rod swings 
the upper part of the lever G to the 
right and thereby reverses the movement 
of the auxiliary valve F, whereby the port 
bi is closed, and at the moment the piston 
has reached the limit of its outer stroke 
the port b is opened by the valve E, and 
steam admitted to the other end of the 
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sub-cylinder E\, causing the auxiliary 
piston E to reverse its motion, thereby 
opening the main port to admit steam to 
main cylinder at its outer end, whereby 
the movement of the main piston is again 
reversed. By this continuous movement 
of the auxiUary valve M, the ports b and 
bi are kept closed, except at the end of i 
each stroke ; at the moment the main pis- | 
ton £ is reversed, and as soon as the main I 
piston B begins its returning stroke the I 
auxiliary valve ^closes the ports ^ and ^i f 
respectively. This prevents any waste d 1 
steam in case the auxiliary piston i? is fl 
worn enough so as to leak, as the ports b J 
and d\ are closed. When the auxlliary'fl 
valve .^ is in its extreme outer position ■ 
and tho port bi is open to admit steam, r 
as shown in Fig. 7, a connection is estab-J 
lished between the port b and the exhaust.l 
port c by means of the diagonal cavity tf |l 
in the under side of the auxilary valve F, J 
and when the valve F has shifted to its 1 
inner extreme position, the port ii and I 
the exhaust port C are connected with*! 
each other by the diagonal cavity (/i in I 
the bottom of auxiliary valve J'', Thisa 
arrangement admits of a short valve with I 
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a long stroke, which stroke is derived 
from the full stroke of the piston rod act- 
ing on the tower forked part of the lever 
G, which imparts a reciprocating motion 
to the valve rod Fhy means of connect- 
ing link H. The stud Ca being ad- 
justed up or down in the segmental slot 
Gt. of lever (?, increases or diminishes 
the travel of the auxiliary valve E. If 
the stud Ci is adjusted up in theslot £?i, 
the travel of valve E is increased, and 
ports b and bi opened earlier, causing 
the main piston to shorten its stroke, and 
if the stud Gz is moved down in slot G\ 
the travel of auxihary valve is diminished, 
the ports ^ and b\ opened only at the end 
of the movement of lever G, thereby in- 
creasing the stroke of the main piston. 

The adjusting of stud Ga up or down 
in slot G\ does not change the relative 
position of the ports ^, ^i and c with the 
diagonal cavities d and i/i in auxiliary 
valve E, as the slot Gi is segmental, the 
link ^being the radius. 

The auxiliary valve and its rod have a 
continuous motion similiar to that given 
by an eccentric, the auxiliary valve 
having a long stroke and rapid motion^ 
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and keeps the ports leading to the auxil- 
iary piston closed, except at the monient 
the main piston is being reversed, thus 




tending to prevent any leak of steam in 
case the auxiliary piston becoraes worn. 
Q. How would you proceed to set up a 
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Dean Bros, pump, supposing all parts to 
be separated and laid upon the floor ? 

A. I. Bolt the steam and water cylin- 
ders to cradle, being very careful that there 
is no ditt nor bmises on face of flanges. 

2. Put steam piston head (without 
the ring) on piston rod, slip the rod into 
place, passing it through the glands and 
cross-head. Put water piston on rod; 
move the piston rod back and forth, see- 
ing that the rod moves freely and does 
not bind ; if it does there is something be- 
tween the flanges, or the rod is sprung, or 
the heads are out. 

3. Put valve rod and valve motion in 
place J put steam chest on steam cylinder ; 
screw the valve stem stuffing box nut 
tight so it cannot move. Loosen set 

' screw in cross-head, and move cross-head 
to one end of stroke; make scratch on 
valve rod close to stuffing box nut ; move 
cross-head to other end and make another 
scratch on valve rod. 

4. Remove steam chest; turn it up- 
side down so the valve and seat can be 
seen, and set small valve so that when left- 
hand scratcli on valve rod is close to stuff- 
ing box, the left-hand part is open, aad 
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when right-hand scratch is close to nut, 
right-hand part is open the same distance. 

5. Put slide valve in steam chest j 
turn the chest over on to a smooth piece 
of shingle, or board, or carpenters square, 
to keep vaive from falling out when steam 
chest is being replaced on cylinder. 

6. Place packing rings in piston head; 
screw the nuts tight; put on cylinder heads; 
see that all nuts and screws are tight 

Q. What is the construction of the 
Deane direct acting steam pumpP 

A. In the Deane patent steam pumjH 
the tappet aim 1 1, which is carried by the 
piston rod, comes in contact with the tap- 
pet when near the end of its motion, and, 
by means of the valve rod 24, moves the 
small slide valve which operates the sup- 
plemental piston ^. The supplemental 
piston, carrying with it the main valve, is ■ 
thus driven over by steam, and the en- 
gine reversed. If, however, the supple- 
mental piston fails accidentally to be 
moved, or to be moved with sufficient 
promptness by steam, the lug on the valve 
cod engages with it and compels its mo- 
tion by power derived from the main en- 
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I Q. Can a Deane pump run vertically? 

A. Yes ; the supplemental piston being 
driven by mechanical action from the 
main piston. 

Q. Give detailed instructions as to tak- 
ing down, examining and putting together 
a Deane steam pump ? 



^^^ 
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Fia. 49,— DKANK PISTON PI Mi'. 

A. The sectional view, the detail view 

of parts, and the accompanying "list of 

parts" give information that will enable 

any intelligent mechanic lo take apart, 

I repair and put together again any of these 
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machines. In r^ard to the water cylii 
iler, marked 2 in cnt, 27 is tlie piston, i 
is the water valve plate, above which ai 
the discharge valves, and below it the sui 
tion valves. To examine the dischatj 
valves, loosen the nuts 26 on the ey 
bolts, swing down the bolts and remo^ 
the water ca^ 13. The proper positic 
of the parts is shown in the pump cu 
Parts in detail are shown at Nos. 48 I 
52 in detail cut, 48 is [he valve seat ] 
is made of composition metal, and is s< 
cured to the plate by a taper fit. In n 
placing these seats, it is not necessary t 
drive them down to the shoulder. Dri* 
them in squarely and moderately tigh 
Above the valve is a metal plate Na 5! 
on which the valve spring 50 bears, pn 
venting injury to the upper face of th 
valve. Spring is held down by the stei 
49. Care must be taken in replacic 
valves to screw these stems in tight, £ 
that valves will not get loose, and th 
stems, etc, get into the pump. 

Construction of suction valves is th 
same as above described. To reach th 
suction valve?, remove the valve plate i; 
In replacing valve plate and cap, cai 
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roust be taken to use gaskets of good rub- 
ber, and see that they are cut so aa to 




cover the exact form of the cap where it 
bears on the plate. The waX.« ■^■(awft.'^i, J 
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in regular pumps, fitted with fibrous pack- 
ing.. When this becomes worn it can be 
replaced by removing piston rod nut 31, 
taking off follower 45, taking out the 
worn packing and replacing the new as 
shown in 47, 

To examine the steam valves, remove ' 
the nuts holding down tbe valve chest 
and lift it from its place. See that both 
valves and their seats ate in proper con- 
dition. If not, they can be readily faced 
with a scraping tool, as they are plain 
slide valves. To remove the valve pis- 
ton, take out the screw in the side of 
chest, remove the chest head 7 and it 
can be readily taken out. 

In replacing the valves and chest, cut 
out a gasket of good thick calendered 
paper. This is better than rubber for 
steam joints, because it will not bum or 
give under action of hot steam. See that 
there are 4 square holes cut in it to match 
the ports between the chest and cylinder. 
Then put the main and auxiliary valves in 
position in the chest while it is lying open 
side up. Then lay a thin straight edge 
across the chest to hold valves in, invert 
the chest and place it on the pump. 
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Finally raise the chest a trifle and with" 
draw the straight edge. 

The steam piston is similar to that of 
an engine. It needs no special explana- 
tion. Seldom requires examination. In 
running the pump see that the lubricator 
23 is well supplied with good oil. Oiling 
is especially desirable just before stopping. 

In starling the pump, the air cock on 
the water cap should be opened to release 
any air that may be entrapped there. 
Drip cocks 25 should be opened in the 
Eteam end in starting, and on both ends 
in stopping, especially if in season and 
situation where there is danger of freezing. 

The tappet arm II is secured to pis- 
ton rod 19 in such position that a dowel 
pin in the arm enters a corresponding 
hole in the rod. The tappets 20 fit 
over the keys zi. These keys fit in. 
slots cut in the valve rod in the proper 
places. These are cut to gauge at the 
works, and need no change. The steam 
valves may go into the chest either way 
around in regular pumps, as both ends 
are alike. All stuffing boxes should be 
well filled with packing and screwed no 
tighter than necessary to prevent leakage. 
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PARTS OF DEANE's STEAM PUMPS IN DETAIL. | 


LIST OF PARTS. 




I. Steam Cylinder 




2. Water Cylinder. 

3. Yoke. 




4. Valve Chest 




5. Steam Cylinder Head. 

6. Inside Valve Chest Head. 




7. Outside Valve Chest Head 




8. Steam Piston. 




9. Valve Piston. 


Sf 


10. Guide. 


M 


II. Tappet Arm Complete. 
la. Water Valve Plate. 


^ 


13. Water Cap. 

14. Water Cylinder Head. 

15. Water Cylinder Lining, 

16. Main Valve. 


1 


17, Atixiliary Valve. 

18. Air Chamber. 


M 


ig. Piston Rod. 


v^m 


3o. Tappet. 
ai. Tappet Key. 
aa. Tappet Set Screw. 
23. Lubricator. 


1 


34. Valve Rod. 




25-!5-25-as. Drip Plugs or Cocks, 
26. Eye Bolt and Nut. 


■ 


'/■ Water Piston (see Nos, 44 10 47) 


J 
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H 30. Cap. j °^ 


■ 31- Nut ) 


H ■ 3a. Flange Nut. J- For Piston Rod. 


H 33. Check Nut. ) 


H 34. Cap. \ For Valve Rod Stuff- 
H 35- Gland, j" ing Box. 


■ 36. Water Piaton. ) ^„^ t .1, <- 

■ 37- r^t Follower. 1^°"^ ^^^J" ^"P 
f 38- Second FoUower. j ^^""""e- 




FlC. 5S.-DEANE VALVE. 

^H 39'39- Leather Cup Packing. 


^1 44. Water Piston. ] 


^B 45. Follower. For Pat Fibrous 


^H 46. Inside Ring, etc Ring Packing. 


^1 47. Fibrous Packing. 


■ 48- Seat. 


^H 


■ 49. Stem. 

■ 50. Spring. 


For Rubber Water Valve. B 


H 51. Cover. 


^^iJ 
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51. Rubber Water Valve. 

75. Tappet Arm. 1 

76. Inside Cross Head I 

77. Inside Plunger. For Double 

78. Outside Plunger. [■ Plunger Pumps 1 
79-79. Side Rods. . 

80. Piston Rods. 

81. Outside Cross Head J 

84. Stem. ■> 

85. Spring, y For Metal Disc Valve. 
87. Seat. ) 

86. Metal Disc Valve. 

Q. What is the construction and oper- 
ation o( the Delamater single steam 
pump? 

A. In the Delamater single steam 
pump the main valve is entirely moved by 
steam, and is what is known to the tra ie 
as a "steam moved valve." The cut 
shows the main valve, with a piston 1 
on each end of it This piston is packed 
with spring rings. The steam and ex- 
haust are admitted to the proper end of 
these pistons by a small auxiliary valve. 
This latter is cylindric, and is oscil- 
lated from one side to the other by a 
cam on the valve stem. This cam is 
worked by an arm from the piston, and as 
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the piston reaches one end, it tumi ' 
auxiliary valve into a [tositii'jn which 
admits live steam from the boiler to on« I 
eod of the main valve, and exhausts the 
steam from the opposite end. Thif 
allows the steam to drive the main valve 
over to its opposite position, and reverses 
the motion c{ the main piston. 

Q. What are the instructions as reganls 
the adjustment of the Delamater single 
steam pump ? 

A. If the pistons ran to one end, and 
remain there, either some accident hat 
happened to the cam, and it has been 
forced out of adjustment, or the exhsost 
pipe has become stopped up. The cam 
on the valve stem, may be adjusted by 
turning it slightly on this valve stt-m ; the 
proper direction will be found by one or 
two trials. 

Should the pump work onstcadily or 
AiuA in its motion, the chances are much 
in favor of the water piston's having been 
packed too tight ; or possibly having been 
packed with dry packing, which swelll 
very much after the pump has been started 
and the water allowed to soak into iL 

Should the pump pound in the water 
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end, it is usually caused by the springs o 
the water valves becoming weak, and they 
should be replaced by stiffer ones. 

Nearly all of the direct acting steam 
pumps will work the condensed water from 
cold pipes through them if you will wait 




sufficiently long for them to do sa 
if it is essential to start quickly, this can 
be readily done in the Delamater pump 
by first placing the arm which has the 
rollers on it in the middle of the cam ; 
that is, somewhere between the two in- 
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clines, or in such a position that you can 
move the cam by hand. This will allov 




you to move the auxiliary valve first i 
: position and then in the oppoate.'] 
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The handle on the side may then be used 
to move the main valve, which will force 
the water from the main valve chest out 
to the exhaust The operation is: First, 
tun) the cam and aoxiUary valve in one 
direction, then try with the handle which 
is the easiest way to move the main valve. 
One way will be found easy, and the 
other way — the boiler pressure being 
against you — it will be found almost 
impossible to move it in that direction. 
Now, by the handle on the side, move 
the main valve over to the end of iis 
stroke ; let it stand there for one or two 
seconds ; then reverse the cam and auxil- 
iary valve, and move the main valve in 
the opposite direction lo the end of its 
stroke. If you will do this once or twice 
it will clear the pump of water in about 
four seconds' time — when it will run along 
at its regular gait. 

To remove the water valves, unscrew 
the brass cap on the outside of the water 
cylinder, and remove the brass spindle 
which goes through two valves and their 
seats — these valves being airsmged in 
pairs, one suction valve below one dis- 
charge valve, always, and 
passing through both \ 
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It sonietitiies happens in piping-up these 
pumps that the pipe fitter makes an error, 
and puts bis exhaust pipe where his steam 
pipe should be, and vice versd. The 
proper position for these pipes is — that 
the steam pipe comes in at the opening 
at the top of the steam-chest, and the ex- 
haust at the opening near the bottom of 
the steam-chest. This error has been 
known several times to occur, and, strange 
to say, this pump will work when piped- 
up in this manner — although far from sat- 
isfactorily, 

Q. What is the construction and opera- 
tion of the Delamater duplex pump; 
and what are the instructions as regards 
adjusting it? 

A, The Delamater duplex pump is 
arranged similarly to nearly all others, 
that IS — the piston on one side operates 
the valve on the other side. These 
valves are flat slide valves, and there is 
nothing in the steam-chest but the slide 
valve before mentioned and the "toe" 
which works it Should anything happen, 
we advise removing the steam-chest cov- 
ers, and an inspection should instantly 
shonr where the trouble is. I cannot 
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imagme what could ha{^>en to sach a style 
of steam cylinder ; bnt would say, how- 
ever, that should anjthiiig be broken, aod 
it should become necessaiy to reset these 
valves, the proper plan is to plac« the ins- 
tons in the center of their strokes, pace 
the valves in /Arir " central position," aod 
fasten the arms while in that 




1 

I 
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This is all the setting that is ncceasaty 
with any of these valves. 

The water eods vary in construction, 
but are usually made of the plunger type, 
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and should the pump refuse to ml3 
stroke, or one side make more than the 
other, It wilt generally be found that the 
stuffing-boxes on one side are packed too 
tightly, or that the plungers have become 
cut by some grit or foreign substance 
having woiked in. 

These pumps start very quickly, and 
will work the water of condensation out 
provided the exhaust pipe does not nm 
up too high, as it is sometimes run up in- 
side of a high chimney. In this case, as 
well as in setting all other pumps, the 
pipes should be arranged with drain 
cocks, so that this condensed water can 
be drawn off, both from the steam and 
exhaust pipes, without having to be forced 
out by the pump through the exhaust 
pipe. 

Q. What IS the construction of the 
Guild & Garrison direct acting steam 
pumps ? 

A. These pumps for general service a; 
made in three general styles, called 1 

the makers the " Regular,' ' 

Valve " and the " Plunger." 

The difference between these styles j| 
in the construction of the pump end 4 
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the macliine— the steam ends being a 
in all cases. 

The cut shows the " Regular" pattern. 
The pump valves are all above the pump 
barrel, the suction valves being carried 
in the main cylinder castings. The dis- 
charge valves are upon a removable plate ■ 
immediately above the suctioa valves. 
This plate is called the discharge valve 
plate, and the casting which rests upon it, 
and also carries the air vessel, is called the 
discharge valve box. The valve seats are 
circular in form, and are screwed into 



These : 



; are made to 



3 made either with 
r leather packing, 
■e furnished, formed 



their places, 
gauge. 

The pump piston i 
metal ring, fibrous c 
The leather packings ai 
and cut to shape ready to put into the 
piston. For boiler feeding, the piston is , 
fitted with a metal packing ring. 

Q. Describe the steam end of the 
Guild & Garrison pumps? 

A, Motion of the steam valves is taken 
from the piston rod, through the medium 
of a rock shaft, to which is keyed a lever ; 
a link connects this lever with an arm, 
which is keyed to the piston rod. In the 
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Steam chest are two steam valves — one 
of which is called the main steam valve; 
the other, which is much smaller and 
moves beside it, is called the auxiliary 
steam valve. Secured to the top of the 
main steam valve, and moving wilh it, is 
a double-ended plug or piston, called the 
valve driver. 

If you will remove the cover of the 
steam chest and give a few moments ex- 
amination to the internal parts, you can- 
not fail to understand their purpose and 
arrangement. 

You will notice first, that the move- 
ment given by the arm on the piston rod 
causes the main steam valve to move 
positiveli' a large portion of its travel. 
To complete the travel, the auxiliary 
steam valve, which is moved positively its 
entire travel, opens a passage-way to ex- 
haust steam from one end of the valve 
driver, and opens another to admit steam 
pressure to the opposite end ; the result is 
that the valve driver is driven over and 
carries the main steam valve, thus revers- 
ing the motion of the main steam piston. 

The auxiliary steam valve is a "D" 
valve, and its action is precisely the sams 



I 
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as a D slide valve in a steam engine, and 
its effect upon the valve driver is exactly 
the sarae as if it was a piston of a steam 
engine. 

Both main and auxiliary steam valve 
having plain, flat faces, they are 
faced up when found necessary. 

Q. To lake out the valve driver, what 
must be done ? 

A. Take off the small plate at the end 
of the chest, disconnect the hnk, raise the 
chest and swing the rockshaft clear; the 
driver can then be removed, 

Q. If at any time you wish to take out 
the main steam valve, how should you pro- 
ceed? 

A. Take off the nuts on top of the 
chest and raise the chest high enough to 
take the valve out from below it. 

Q. Toremovetheaaxiliaiysteam vail 
what is the course i' 

A. Take off the chest cover, disconnect' 
the link, and swing the rockshaft toe dear 
of the valve ; it can then be lifted out 

Q. Should the driver, in course of time, 
become leaky, what is the better ' 

A. To send to the makers for a 
These are finished ready to bepu 
'Jiest 



:i^H 
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Q; If tite jHstoD nms hxii up against 
fte head of the cTlinder, and does ztot 
Voacb the other, of what is this evidence? 

A. That the ana has shifted od the 
piston rod. All you need do is to put the 
lira back to the onginal marks on the rod 
and drive up th', keys. 

Q. If the p'Vtoa strikes both beads of 
cylinder, what ^sn? 

A. Raise ths liik in tiie slotted end of 
the lever, about ^ aa inch; this ill 
shorten the strokes. 

Q. When the pump becomes old and 
sluggish in action at the end of the Btzok^ 
what do you do lo remedy this? 

A, Take out the auxiliary valve sod 
lengthen the cavity on the face of it 
about 1-31 of an inch at each end. 

Q. How can you do this ? 

A. With a file or narrow cold chisel, 
without the aid of a machinist ; you wilt 
find lengthening the cavity will cause the 
pump to be as " lively " as a new pump. 

Q. When steam is first tumed into 
the pump, considerable of it will be con- 
densed; in some cases water is carried 
over in steam-pipes and there will be 
water enough to fill the cylinder and chest, 
what will be the effeci? 
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A. To make the first few strokes of the 
pump slaw, until the water is thrown or 
carried out, 

Q. If you are in a hurry, in case of fire, 
for instance, how can this water be thrown 
out instantly ? 

A. By moving the main valve directly 
by hand, a supplemental lever and rock- 
shaft being provided for that purpose. 

Q. What care should be taken in han- 
dling the discharge valve plate ? 

A, That the rubber gasket that forms 
the joints between it and the pump cylin- 
der be not cut or torn. When putting the 
plate in its place, have the surface dean, 
particularly across the diaphragm that 
divides the two suction chambers, 

Q; Why ? 

A. Because a leak at this place is a 
serious thing ; it very materially reduces 
the suction power of a pump. 

If you have the " meial valve " pattern 
of pump, take the same care about the 
joint surfaces, between valve plate or 
bonnets, and pump cylinder, 

Q. Should you have occasion to make 
new gaskets, is there any precaution neces- 
sary ? 




1 
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A- Be sure and cut them so that the 
diapliragms will be well covered. 

Q; If you are pumping very hot water, 
or a volatile liquid, with the metal valve 
pattern of pump, is there any special pre- 
caution recommended ? 

A. Be particular to keep the springs 
on the valves well " set up," so as to maJce 
the valves close quickly at the end of each 
stroke of the pump. 

Q; If after a time the springs become 
slack, what must you do ? 

A. Remove the valve cover or bonnet, 
take out the valves and springs, and put 
more "set" in the latter, by a file, cold 
chisel, or screw driver poshed under the 
springs, bending them up slightly. 

Q. In course of time, whea the metH 
packing has worn so that tibe pMoa mU 
leak, what is to be done? 

A. The first thing to dsvMOte tt 
the back head of Aeji^t^^m^f,m< 

the qrfinder ; ir it a taiil •»hr««'«iV 
tnie aaAtomU,1l»mfm'm%tmmm4 

tott. 
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case, after long service, the bore is worn 
out of true, what is to be done? 

A. Then your remedy is to remove the 
ring, wliich is easily done by taking off 
the follower of the piston (/. c, the plate 
at the back of the piston) j the ring can 
then be taken out, and the space left will 
be found just right to pick with any of 
the soft square packing in the market, §, 
^, § and ^ sizes, as the diameter of pistoa 
may determine. If these are not at hand, 
braid up some hemp and pack with that. 

Q. What is the distinguishing character- 
istic of the Gwyn pumpP* 

A. A " whirpooi chamber," in which the 
water conduues to rotate after having 
passed out from the pump. 

Q. By whom was the whirlpool cham- 
ber invented ? 

A. By Prof. James Thomson. 

Q. What are the peculiarities of tiie-J 
aims of the Gwyn pump? 

A. They diminish in width as they n 
cede from the centre. 

Q. What is the object of this ? 

A. To make the water flow 
smoothly 
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Q; What is the construction and o|Dera- 
tion of the Hall duplex steam pump ? 

A. The sectional cut illustrates the 
interior arrangement and construction of 
the steam valves, water cylinder, etc. 
The operation is as follows : The engine 



Fig. 5B. — RALL niTFLBx piston pump. 

of one division acts to operate the steam 
valve of tlie other, and vice versd. In 
the cut the steam valve (a plain flat side) 
stands at the left of its stroke, admitting 
steam to the right of the main pistoia-iXosw- 
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iog it to the left When the piston 
nearly reaches the end of its stroke aJid 
passes by the port A, port B meanwhile 
being closed (seen near the top of the 
cylinder), a sufficient portion of the 
pressure, which is moving the main 
piston, passes through this port across to 
and shifts the valve of the other engine, 
which then makes its stroke, and in a. 
Uke manner admits steam to reverse the 
valve of the former. By proper location 
of the ports corresponding to A and B, 
in each cylinder, each engine must in its 
turn make a fnll stroke before giving 
steam to reverse the valve of the other. 
The admission of steam, however, being 
timed so that each engine starts a little 
before the other stops, for the purpose of 
keeping up a condnous and uniform 
delivery of water. 

The location of the ports A and S, 
near the end of the stroke of the pistons, 
causes each in its turn to pause (while 
the other is making its stroke) for a ler^th 
of time sufficient to allow the seating of 
the pump valves by gravity. 

The steam pistons cushion upon t 
haiist steam entrapped in the ends of ti 
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cylinders, by reason of the pistons pass- 
ing beyond the exhaust ports, the inlet 
ports at the ends of the cylinder being 
closed by the main steam valve. 

The valves are plain flat disks of com- 
position, or hard or soft rubber, working 
with a low lift upon a central stem. 

Q, How would you proceed to put up 
a Hall pump, supposing it to be all apart? 

A. Begin by providing proper packings 
for all steam and water joints. Next, 
bolt the bed plate or steam cylinder foot 
firmly to its place, then bolt the center 
pieces or cradles to the steam cylinilers, 
taking care to have the small hole for drip 
pipes in one of the bars of the center 
pieces come at the bottom. Next, bolt 
the water cylinder foot firmlj' to its place. 
The steam and water cyhnders should 
now be bolted together. Next proceed 
to screw in the studs for holding down 
steam chests, and then put on the inter- 
mediate valve plate or seat; the valve 
drivers or pistons may next be inserted 
into the chests and the heads bolted oil 
The slide valves may now be put in po- 
sition in the chests, keeping the lug on 
the side of the valve toward the cavity on 
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one side of the chest The chests a 
valves are now ready to be put in position 
and should be firmly bolted down. Next 
proceed by driving the water valve seats 
into their place in the water cylinder and 
intermediate valve plate, using the end of 
a block of wood having a flat surface- 
The valves and springs should then be put 
in place and the nuts or stems screwed 
down firmly. Now put on the intermed- 
iate valve plate and be sure to put in the 
center bolt and screw down soUdly, The 
cap may then be put on and the air 
cJiamber bolted to its place. It now only 
remains to bolt on the suction and dis- 
charge flanges — if there be any — and put 
in the piston rods and steam and water 
pistons or plungers, taking great care to 
screw up the piston rod nuts solidly; the 
cylinder heads may then be bolted on and 
the drip cocks and plugs put in, and, 
after nicely packing the pump, it is aU 
ready to be connected with the piping 
and put in operation. 

(In taking apart and putting tc^ethcr 
the Hall pump, it is unnecessary to mark 
or separate the respective parts of the two 
sides of the machine, as they are exact J 



dupucaies a 

saiy parts are provided" 

or lugs to prevent their going on w 

Q; What is the cons traction and i 
tion of the steam end of the Kt 
direct acting steam pump ? 

A. There is an auxiliary piston 
works in the steam chest and drivi 
valve. This auxiliary or ' 
piston," as it is called, is driven bac 
and forward by the pressure of ! 
carrying with it the main valve, i 
valve, in turn, gives steam to tha 
steam piston that operates the i 
This main valve is a plaia slide J 
the B form, working on a flat seaXM 

The chest piston is slightly roti 
the valve motion ; this rotative nj 
places the small steam ports ('fl 
located in the under side of tfl 
) in proper contact with a^B 
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chest piston has traveled a certain iKs. 
tance, a port on the opposite end is un- 
covered and sieam there enters, stopping 
its further travel by giving it the necessary 
cushion. In other words, when the rota- 
tive motion is given to the auxiliary or 
valve-driving piston by the mechanism 
outside, it opens the port to steam ad- 
mission on one end, and at the same 
time iapens the port on the other end to 
the exhaust. 

The pump piston rod, with its tappet 
arm, moves backward and forward from 
the impulse given by the steam piston. 
At the lower part of this lappet arm is 
attached a stud or bolt on whidi there is a. 
friction roller." This roller, coming in 
contact with the " rocker bar," at the 
end of each stroke, operates the latter. 
The motion given the "rocker bar" is 
transmitted to the valve rod by means of 
the connection between, causing the valve 
rod to partially rotate. This action, as 
mentioned above, operales the chest 
piston, which carries with it the main 
slide valve. The said valve giving steam 
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to the main piston, the operation of the 
pump is complete and continuous. The 
upper end of the tappet arm does not 
come in contact with the tappets on the 
valve rod, unless the steam pressure from 
any cause should fail to move the chest 
piston, in which case the tappet arm 
moves it mechanically. This feature 
makes the pump absolutely positive. 

Q. How would you proceed to put a 
Knowles putnp together and adjust it so 
that it would run right when started up; 
supposing that you had all the parts 
separated and lying on the floor ? 

A. The following covers the case com- 

1. Boll the steam cylinder casting to 
the water cylinder casting. Place the 
piston rod stuffing boxes (No. 11) in 
place, first screwing the seats (No. ii A) 
into the castings, then putting on the fol- 
lower (No, II £) and the gland (No. 12). 

2. Take the piston rod (No. S) with its 
nut and lock nuts, and place it in the 
pump. 

3. Take the tappet arm (No. i^) and 
bolt it on to the piston rod. This is to 
keep the rod from turning while the pis- 
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ions and the pastoo rod nats are being 
placed in the pomp. 

Nora. — Otfecrre the little pinhole in 
ti>e piston tod A pin on the inner side 
of the t^ipet acm goes into ihts pinhole to 
keep the arm from turning on the rod. 
Sczew ttp the tiro damp bolts hard, so as 
to make a good job ctf it. 

4. Now pat the water piston (Ko. 10) 
in its C)'lindeT. First place the piston 
head or bod^ wiih the segments and brass 
ring- Then place the rings of canvas 
packing over die brass ring, beii^ careful 
that the joint of one ring is not oppodte 
the joint of another. In other word^ 
"break joints." J 

5. Place the follower on and fasten iM 
up tight wilh the follower bolts. M 

Note. — In the small pistons there are ' 
no follower bolts, as the piston rod nuts 
serve for that purpose. 

6. Now take the socket wrench that 
accompanies every pump, and screw up 
hard the piston rod nut and lock nut (Noi 
9) ; theo move the piston to and fro in the 
cylinder, and see if it is perfectly free. It 
does not do to have this piston &t tooj 
tight, because when water is in the cylh 
der, the packing VvW^^eW a. \\V\Xc, 
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7. Push the rod as fax as possible 

towards the steam end, and put in the 
steam piston (No. 39). First place the 
piston head or body (39 A) on the rod; 
then the packing rings (39 £). In the 
large size pistons there are studs and 
springs which need to be set out Place 
on the follower (39 C), and then bring it 
up tight to the piston head by screwing up 
the ntil and lock nut of the piston rod. 
Be careful to notice the dowel pin on inner 
face of follower and see that it fits into 
the hole in piston head. 

Note. — On the large size pistons there 
are follower bolts, which fasten the fol- 
lower to the piston head. 

8. Now place on the steam cyhnder 
head (36), and screw up the bolts tight 
(36 j4). Do the same with the head of 
the water cylinder (No. 5). 

9. We will now complete the fitting up 
of the water cylinder. The compositioa 
seats for the suction valves will be found 
fastened into the water cylinder casting, 
and also in the plate (No. 4) for the dis- 
charge valves. In case, however, you 
have to put in new valve seats (13 C), 
drive them in with a smooth piece of woodii 



true 2006 hard Do ikh p ja-oc: am' i*:tf Jead 
oil or other nusUxial cm tiit: i^ivc stau: 
before dn^*zng ixL S>t^ tbat tiit; ttu2lw>es 
are cieas and dn-, Vxh of tx» w;al asid 
the hole in the cas6xi^ 

Note. — ^The rahrt: stents od vrhida the 
valves move, are usuaJir part of the coeor 
position castingithat fons the vaiwe «t^it£. 

10. Now take the valves (1^), slip them 
over the valve rtems (13 Z^;, ^eeix^ that 
the face of the valve is true and {air. 
Place on the owl sprii^ (13 J^) and 
screw the nuts and lock nuts on the end 
of valve stems. 

Note. — Use soft rubber valves for cold 
water or other clear, cold liquids, and hard 
rubber valves for hot water or other heated 
clear liquids. There are aJso vaives of 
special form for pumping special kinds of 
material; for instance, dapper valves for 
beer mash, etc 

II. Place the valve plate (4) on the 
pump, not omitting to screw the bolt (4 A) 
into its place in the middle o( the plate* 
Now place on the water cap (2) with its air 
chamber (i). These are fastened down 
by swing bolts, which are on all our rat^^Ur 



lar size pumps. To complete the fitting 
up of the water cylinder, do not forget to 
screw in the air cock (No. 3). 

12. Now proceed to complete the steam 
end of the pump. Take the steam chest 
{31) and fit it up complete, first by pul- 
ling in the chest piston (33), This is held 
in place by its guide pin (34). Before 
putting in this chest piston, fit into it the 
valve rod {17). The next thing to do is 
to put on the front steam chest head (3a). 

Note.— The joint between the chest 
and its head is a ground joint If time 
cannot be taken to regrind it, make a 
clean paper joint of manilla wrapping 
paper. The bolts (32 j4) screw up hard. 
Now place on the back sleam chest head 
(29) in the same manner as the other 
head. This head contains the seat of the 
valve rod stuffing-box (28). Slip over the 
valve rod the follower and gland (28 A) 
of said stuffing-box, screwing them on to 
the seat ready for the packing. 

13. Before placing the steam chest on 
the steam cylinder casting, move the chest 
piston, so that it is exactly in the middle 
of its cylinder. Then place the main 
slide valve (35) over its ports, exactly in 
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the middk. I>rD|> vat daest oiimx. 
foo wiD ind lilt upper yru^vms^ veer, IK 
the loaiD filid^ Tam; wiL sii^ ixxlc tie ftiot 

chest dcnm -with its hoidttf-ounn: Mitt 
(31 ^ see to it that the rmuer ^atfi^r. 
that fonxs the joint between this <i»eft 
and the steam C3'lmder is m gs^^ ^f^^ 
dition. EspecaMy notice wihetii&r the 
small holes are cut in ibe gasket for tibe 
exhaust posts of ibe steam chest A 
n^lect to cot out these holes has xtften 
caused aonojance, for vrhidi ihe pump 
was <^ten wrongly blamed 

14. To complete the pump, all that is 
now necessaiy is t«> fit up the valve 
gear. Proceed with this caiefully, as 
follows: On the top of ihe tappet arm 
(19) is the tappet ann tip (j6). Slip th^ 
tip over the valve rod (17), at the safioe 
time working it into its socket in top of 
the tappet arm ; the set screw (No. i^j will 
secure the tappet arm tip firmly in place. 
Now slip over the valve rod, the collar and 
its set screw and gib (No. 15), fsaUnikk^ 
them in their pr<^)er position. 

Note. — You will find a flat notch ^X*A 
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in the valve rod for the reception of the 
gib or key of said collar. Slip the valve 
rod guide {14) over the end of tlie valve 
rod, and fasten it in its proper place on 
the water cylinder head by the bolt(i4j4). 

15. At the other end of the valve rod, 
near the steam chest, is a similar notch 
for the reception of the valve rod clamp 
(27). Fasten this clamp in position by 
its gib and bolts (27 B and 27 A). 

Note. — Before placing on this clamp, 
fit the ball of the " ball joint connection " 
(26 A) into its socket, which is part of 
the casting forming said clamp. Fit on 
the rest of the rocker connection (35). 

16. Now place in position the rocker 
bar (23), first fitting it up with its bolt, 
nut and washer. Be sure and not leave 
off this washer, and see that it is in its 
proper position between the rocker and 
the casting. Push the bolt into its hole, 
in the casting ( that forms the center 
between the water and steam cylinders), 
and then screw up the nut on the bolt 
(22) firmly, after which screw down the 
set screw (22 A). 

17. Complete the fittingupofthevalvej 
geax by attaching to the rocker bar tb^l 
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rocker connection (25) by its bolt and 
nut (24). Join the rocker connection 
(25) with the ball joint connection (26 j1), 
first placing on the rocker connection its 
lock nut (26). This nut is for locking 
after lengthening or shortening the con- 
nection, as will be further explained. 

iS. We will now adjust the valve motion. 
Please notice at the bottom part of the 
tappet arm, just above the piston rod, is the 
rocker roller (20) and its stud and nut 
(20 j}). The adjustment of this is for 
lengthening or shortening the stroke of the 
pump. The rocker connection (25) and 
its parts are for adjusting the uniformity 
of the stroke, so that it moves the 
same distance each way. Before adjust- 
ing this rocker motion, take the rocker 
roller and move it up as high as possible. 
The pump will now make a very short 
stroke. Loosen the rocker connection 
set nut, and by a little pin, which should 
be placed through the hole in the rocker 
connection (26 A), lengthen or shorten 
the connection until you get a uniform 
stroke of the pump ; that is to say, see 
that the tappet arm moves the same dis- 
I tance each way from the centre of the 
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pump. After you have secured a unifoTm 
molion each way, lock up the rocker con- 
nection tight by screwing hard on the 
lock nut (26) referred to. Now go back 
to the rocker roller (so), and gradually 
lower it until you get the proper length of 
stroke of pump. This roller coming in 
contact with the rocker bar (earlier or 
later in its stroke), regulates the length 
of stroke of the pump ; consequently, as 
the rocker roller is raised or lowered, so 
will the length of the stroke be shorter or 
longer. After having secured a proper 
length of stroke by the adjustment of the 
rocker roller referred to, lock it up tight 
by screwing up hard the rocker roUer nut 
(20 A). 

Note. — ^The tappet arm tip (i6)should 
never come in contact with the valve rod 
collar (is)or the clamp (27). Please note 
that the valve rod is not moved by the 
tappet arm coming in contact with these 
parts. It is moved, as before explained, 
by the combination of the rocker bar and 
the connection between it and the clamp, 
which gives a rotary motion to the valve 

The completion of the fitting up of the 1 
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pump, such as screwing in drip cocks 
(No. 6) for the water cylinder and the 
steam cylinder cocks (No. 4), etc., is of 
course understood as necessary. 

Q. What is Letestu's pump? 

A, The piston is conical, with the small 
end towards the suction side, and the en- 




Fig. 64.— letestd 

tire surface of this conical piston is covered 
with valves. 

Q. What ia the advantage of the Le- 
testu pump ? 



A. Slight friction. 
Q. What is the construction of 
Pulsometer as now in the market? 



A, The Pulsoraeter consists principally 
of two bottle-shaped chambers. A, A, 
joined together side by side, with tapering 



necks bent towards each other, to which 
is attached, by means of a flange joint, 
B, a continuous passage from each cylin- 
der lending to one common upright pas- 
sage into which a small ball, C, is fitted so 
as to oscillate with a slight rolling motion 
between seats formed in the junction. 

These chambers also connect by means 
of openings with the vertical induction 
passage, D, which openings are so formed 
that the valves, E, E, consisting of vulca- 
nized rubber, and their seats, F, F, con- 
structed so as to sustain the valves, may 
be inserted. 

The delivery passage, H, which is com- 
mon to both chambers, is also constructed 
so that in the openings that communicate 
with each cylinder are placed valve-seats, 
G, G, fitted for the reception of the same 
style of valves as in the induction passage. 
I, I, are valve-guards to prevent the valves 
from opening too far. 

To facihtate the removal of the valves 
and valve-seats, the flanges that cover tiie 
openings are slotted to receive the bolts, 

; nuts of which being loosened, they 
may be removed and the covers displaced. 

_/ represents the vacuum chamber, cast 
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purpose of drawing off the water to pre- 
vent Ireezing. 

Z, Z, are rods extending from the valve- 
guards to the set-screws M, M, by which 
the suction seats, valves and guards are 
tightly pressed to place. 

N, N, are brass socket-headed bolts by 
which the discharge seats, valves and 
guards are drawn down to place. 

A small brass air check-valve is screwed 
into the neck of each chamber. A, ^4, and 
one into the vacuum chamber J, so that 
their stems hang downward. 

The check-valve in the neck of each 
chamber, A, A, allows a small quantity of 
air to enter above the water, to prevent 
the steam from agitating it on its first 
entrance, and thus form an air piston for 
preventing condensation. 

The check-valve ia the vacuum chambeTj 
J, serves to cushion the ramming action 
<rf the water consequent upon ihe filling 
of the chambers alternatel)'. 

Q. What are Ihe instructions as regards 
setting up the Pulsometer? 

A. Connect the suction pipe to bottom 
of foot valve and drop to place. A 
strainer should be placed on the endciC 
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Fig, 67.— air valve of pulsometek. 
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suction pipe to prevent substances from 
passing into the pump too large to pass 
the valves. Be sure the strainer is large 
enough to admit sufficient water to supply 
the pump. The Pulsometer raises much 
more water than other pumps with same 
size suction pipe, consequently if an ordin- 
ary strainer is used it should be a size or 
two larger, and bushed to fit the pipe. 

To obtain best results from the Pulsom- 
eter, the vertical length of suction pipe 
should be no longer than will allow the 
pump to fill freely. The pump stands ver- 
dcaj, and the height of pump should be 
added to the suction. 

No. I is 12 inches from bottom. Be 
careful to place the pump and valve in 
such a position that the covers can be re- 
moved mos.t handily in case of any obstruc- 
tions, or for renewing or turning over of 
the valves. 

Connect the discharge pipe on from the 
discharge chamber. Connect the steam 
pipe to neck of pump with a globe valve 
near to operate with, and a union between 
valve and neck for the purpose of removing 
the neck to get at steam ball if necessary. 
Care should be taken in leading the iolnts 
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of steam pipe that none is allowed t< 
inside (unless the pipe is blown o 
fore starting the pump) as it may pi 
the steam ball from seating. 

Screw the air valves in tight, sc 
their stems hang downward, as she 
cut, lift up the latch and screw the r 
each up tight so as to dose all the > 
and the pump is ready to operate. 

Q. In case the Pulsometer is re< 
to work with excessive life, what pi 
tion should be taken ? 

A. In cases where it is absolutely : 
saty to place the pump high, an addi 
foot valve should be placed on the e 
pipe, and as little air admitted to the 
through the air valves as will cauf 
pump to work without a rattle. 

When the foot valve with suctior 
on is in place, lower the pump do 
to templet of valve with gasket bel 
and bolt tightly together. 

Q, What are the instructions as n 
starting the Pulsometer? 

A. Steam being turned on at the 1 
open the globe valve at the pum 
sufficient to fill whichever chambt 
s/eam ball will admit, and close it in 
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ately ; repeat this until the pump is 
charged and the ball in neck rattles and 
kicks; leave the steam turned on, lift 
up latch and lower the nut on each air 
valve just sufficient to prevent the rattling 
and kicking of steam ball and causing a 
steady working of the pump, at which 
place allow the latch to fall in the nearest 
slot, which will firmly hold it to place. 
The steam may want to be shut off a lit- 
tle, as too much steam retards the work- 
ing of the pump. 

After once being charged, no trouble 
should be had in starting, if the globe 
valve is opened sufficiently, unless the rub- 
ber in foot valve gets stuck on some sub- 
stance which prevents its closing and the 
chaise is lost, in which case the cover 
should be removed, the valve cleaned, 
and started as above. 

Q. Should you be unable to start the 
Pulsometer on first trial, and it becomes 
too hot to form vacuum, what shall be 
done? 

A. Remove the plug in top of the air 
chamber, and fill with cold water, replace 
the plug, when it should start readily. 

Q. Should the Pulsometer not Si <«. 
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start then, what is probably the matter! 
A. There is some dirt around tin 
steam ball, the suction connections an 
not tight, or the rabber in foot valve doei 
, not seat, all of which should be looked to 
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Q. Describe the construction of th 
Valley steam pump? 

A. The main valve is a plain slide valv 
of the B pattern, cast with a groov 
through its face (see fig. 69), and is move, 
by an independent piston working in 
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small cyhnder above the main cylinder. 
The auxihary valve (see fig, 69), which 
controls the steam to the valve piston, is 
made with two flat faces far enough apart 
to allow the main valve to work between 
them. These faces are connected together 
by a web which fits into the groove in 
the face of the main valve, so that both 
valves are out in sigi:t when the steam 
chest is removed, and both work on the 
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Fig. 69.— valves of valley pump, 

same plane. The auxiliary valve is moved 
by a tappet arm on the main piston rod, 
to prevent the pump having a dead centre, 

Q. How would you proceed to eicam- 
ine and take apart a Valley steam pump? 

A. To examine water valves, loosen 
nuts on top water cap, swing bolts down 
out of grooves, lift off water cap and 
valve plate. 
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To examine water piston, remove water 
cylinder head and push both steam and 
water piston towards water end as far as 
they will go. 




Fig. 7 (.—valley 



e steam valves, remove steam 
' chest, when both main and auxiliary valves 
I will drop out. 

To replace steam valves, turn face of 
I Bteam chest upwards, put main valve in 
I positioD by inserting lug on the back into 
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slot on the valve piston ; then place a 
iliary valve in position with lugs on valv 
stem in slots on back of auxiliary valve 
lay a piece of thin iron or the tongue of 
try-square over face of main valve ; tur 
steam chest over carefully, holding valve 
in place, and place chest in position o; 
pump. Insert two of ihe chest bolts am 
withdraw the piece of metal used to pre 
vent the valves from dropping out whei 
chest was turned over. 

Q. What are the special features of th 
Lawrence (Webber) centrifugal pump ? 

A, (i). The branching of the suctioi 
pipe, so that the fluid, bemg pumped, en 
ters the disk chamber from each side a 
and directly opposite the center of thi 
revolving disk, forming a balanced suctioi 
and dispensing with much of the frictioi 
found in side suction centrifugal pumps 
(2). The pump case is bolted by ; 
flange to the "hood" of base by fou: 
bolts in an annular T-headed slot, so tha 
the pump can be rotated on its own axii 
without detaching it from its base or dis 
turbing any of the rotary parts of thi 
pump, thereby allowing the discharge t( 
be taken off in any direction. (3), ^ 
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movable cover, slightly larger than the 
diameter of the disc, allowing free access 
he interior of the pump, and the re- 
moval of the disc withoutdisturbing either 
the suction or discharge pipe joints. 
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Q. How would you put tt^ether a 
Lawrence centrifugal purap, if all the parts 
were separate ? 

A. Put the pump case on the base, 
insert bolts and " set them up " solid. Put 
the stuffing box inside gland, and the 
pulley between bearings. Drive shaft 
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througli until "disc" strikes face of pump. 
Put white lead oa fitting rinj,', and bolt 
cover to pump. Then drive the shaft 
back until "disc" will turn without strik- 
ing sides of pump. Pack stuffing boxes 
and test pump at 70 lbs. coid water pres- 
sure. ^^ 




Fig. 75. 



m 



Q. What is the coustniclion and opera- 
tion of the Worthington pump ? 
A. Figure 77 is a sectional view of 
le side or half of a Worthington high 
pressure steam pump, of ordinary con- 







1 


H struct! on. 
■ seen at E, 
H ing upon a 


The steam valve, 
is an ordinary slide' 
Hat face over ports 


as may be ^H 
va!ve, work- ^H 
or openings. ^M 






1 




^aSui 


['■''' i 


|& 


^mFw} 


^ 4 ^ 




mK^^lm 


1 


H The motion of this vaKc is j 
^B a vibrating arm, seen at J% iv 
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e moving [ 
The double acting plunger, sho? 
works through a deep metallic packing 
ring, hored to an accurate fil, being 
neither elastic nor adjustable. If it be 
desired at any time to change the propor- 
tions between the steam pistons and 
pumps, a plunger of somewhat larger size, 
or decreased to any smaller diameter, can 
be substituted. The plunger is located 
some inches above the suction valves, to 
form a subsiding chamber, into which any 
foreign substance may fall below the 
wearing surfaces. The water enters the 
pump from the suction chamber C, 
through the suction valves, then passes 
partly around and partly by the end of 
the plunger through the force valves, 
nearly in a straight course, into the de- 
livery chamber D. The valves consist of 
several smaL discs of rubber, or other 
suitable material, easy to examine and in- 
expensive to replace. Two steam cylinders 
and two pumps are placed together to form 
one machine. The right hand division 
moves the steam valve of the left hand 
one, and vice vend. One pump takes up 
the motion when the other is about to lay 
it down. 
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The valve motion is the prominent and 
important peculiarity of this pump. Two 
steam pumps are placed side by side, and 
so combined as to act reciprocally upon 
the steam valves of each other. The one 
piston acts to give steam to the other, 
after which it finishes its own stroke, and 
waits for its valve to be acted upon be- 
fore it can renew its motion. 

Q. How would you proceed to set the 
valves of a Worthington duplex pump ? 

A. To set the steam valves, move the 
piston to the end of its stroke until it 
comes in contact with cylinder head. 
Mark with scriber on piston rod at face 
of stuffing-box follower j then move pis- 
ton to its contact stroke on opposite end ; 
make another mark on the piston rod ex- 
actly half-way between the face of follower 
and first mark ; then move- piston back j 
until the middle mark is at the face of 
stuffing-box. l^his operation brings the 
piston exactly at the middle of its stroke ; 
then place the slide valve over steam 
ports; place valve nut between jaws -on 
back of slide valve screw, valve rod; 
throw nut until eye on valve rod head 
comes in line with eye of valve link ; slip 
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pin throi^h head and valve is set. Re- 
peat the operation with other side of 




FlO. 78.— WORTHINGTON STEAM END, 
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pump, and the valves will be properly set 
The valves have no lap. 
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NUMBERED LIST OF PARTS OF WORTH- 

INGTON PUMP. 

[In ordering parts state their name and number as be- 
low, also the size and the shop number of the pump.] 

1. Steam Cylinder (No. i and No. 2). 

2. Steam Cylinder Head. 

3. Slide Valve. 

4. Valve Rod Nut. 

5. Valve Rod. 

6. Valve Rod Gland. 

7. Valve Rod Head. 

8. Steam Chest. 

9. Steam Chest Cover. 

10. Steam Pipe. 

11. Lubricator. 

12. Piston Ring. 

13. Piston Follower. 

14. Piston Follower Bolts. 

15. Piston Body. 

16. Piston Spnng. 

17. Piston Tongue. 

18. Piston Tongue Spring. 

19. Piston Nut. 

20. Piston Rod Stuffing Box. 

21. Piston Rod Stuffing Box Gland. 

22. Steam Cylinder Foot. 

23. Exhaust Flange. 
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24. Piston Rod. 

25. Valve Rod Head Pin. 

26. Long Valve Rod Link. 

27. Short Valve Rod Link. 

28. Long Lever. 

29. Rock Shaft Taper Pin. 

30. Upper Rock Shaft. 




Fig. 80. — DETAILS OF WORTHINGTON PUMP, 



31. Lower Rock Shaft 

32. Short Lever. 

33. Crank Pin. 

34. Crosshead. 

35. Crosshead Position Pin. 

36. Crosshead Key. 
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37. Crosshead Pin. 

38. Crosshead Link* 

39. Lever Pin. 

40. Cradle. 

41. Cross-stand. 

42. Waste Cock. 

43. Pet Cock. 

44. Water Cylinder. 

45. Water Cylinder Head. 

46. Thumb Plugs. 

47. Plunger. 

48. Plunger Ring. 

49. Casing. 

50. Binder. 

51. Plunger Hub. 

52. Plunger Nut. 

53. Plunger Jam Plug. 

54. Plunger Rod Stuffing Box. 

55. Plunger Rod Stuffing Box Gland. 

56. Force Chamber. 

57. Valve Guard. 

58. Valve Spring. 

59. Valve. 

60. Valve Seat. 

61. Force Chamber Hand-hole Plate. 

62. Water Cylinder Hand-hole Plate. 

63. Delivery Tee. 

64. Delivery Screw Flange. 
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65. Suction Screw Flange. 

66. Suction Hand-hole Plate. 

67. Air Chamber. 

Q. Why is no mention made of some 
few makes of pumps ? 

A. The author made early application 
to every pump maker in the United 
States known to him, or whose address 
he could obtain from data concerning the 
construction, operation and adjustment of 
their pumps. In every case he distinctly 
stated that there was no charge, direct or 
indirect, for any publication of matter 
thus asked for, and in every case where 
data was forwarded (and in some where it 
was not, even after repeated applications), 
proper space and representation were 
accorded. He does not, therefore, con- 
sider himself responsible for the fev 
omissions of mention which may be de- 
tected. 
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MISCELLANEOUS. 

Q. What is meant by the efficiency of 
a pump ? 

A. The ratio between the work put 
mto it and the work done by it. 

Q. What is the efficiency of various 
pumps ? 

A. Claudel chives the following from 
actual tests: 

Rates of 

Volume of 

Water 

to Piston 

Displace- 

Efficiency. ment. 

Per Cent. Per Cent. 

Fire engines, height 

10 to 16 feet 20.7 91 

Fire engines, work 

with hose 35.8 91 

Pumps for drainage. 50 to 69 93 

Pumps in town, sin- 
gle acting.. , 70 to 75 90 to 95 

Q. What is the efficiency of a good, 
ordinary reciprocating pump ? 

A. From 75 to 85 per cent.; very 
rarely more than 75 per cent. ; often less. 

Q. What is the proportion between the 
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volume of liquid raised and the volume 
passed through the piston ? 

A. In good pumps about 96 to 97 per 
cent. ; in ordinary pumps, only about 80 
to 90 per cent. 

Q. What has an influence upon the 
proportion between the volume of liquid 
and the piston displacement ? 

A. The speed of piston. 

Q. May the volume of water exceed 
that of the piston displacement ? 

A. Yes, if the piston speed is very 
great. 

Q. How high will an ordinarily good 
pump draught water ? 

A. About 27 feet at the sea level. 

Q. What is the meaning of the word 
" duty," and what is its origin ? 

A. About 1778, Bolton and Watt in- 
troduced the term to express the perform- 
ance of their engines in Cornwall, in cases 
where they were paid out of the profits re- 
sulting from the saving of fuel. 

Q. What is Bailey's method of calculat- 
ing the duty of pumping engines ? 

A. Multiply the area of the plunger in 
square inches by the pressure per square 
inch in pounds ; this to give the load in 
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pounds ; this times the feet per hour 
moved by the plunger, and times the 
constant loo divided by the coal per hour 
in pounds, gives the duty. Thus : Sup- 
pose the plunger to liave an area of 
373.55 square inches, and the water press- 
ure to be 75.68 pounds per square inch, 
then the load will be 28.293 pounds. If 
the plunger speed is 10,908.4 feet per _ 
hour, and the coal consumption 400 I 
pounds per hour, then the duty will be ■ 

38.393 -^ 10,908.4 X 100 -*- 400 = 77,157,- 

840, representing the number of pounti 
of water lifted one foot high by 100 
pounds of coal. 

The same thing may be figured out 
thus ; Multiply the displacement per 
stroke in cubic feet by the number of 
strokes per hour, by the weight of water 
per cubic foot in pounds, by tlie height in 
feet, and by the constant one hundred, 
and divide by the coal per hour in pounds. 

Thus: 10.4042 (cu. ft.) X 3722 (strokes) 
X62.5* (pounds) X 174.83 (feet) x 100 ■*■ J 
40a (pounds of ccal per hour) =77,3s8-'l 
478. 
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Q. What is Graft's formula for the du^ 
of pumping engines? 

A. ^x rx/fxioo-i-^=duty, where 
P represents pounds of water delivered 
per stroke, as ascertained by measure- 
ment of the plungers and calculations of 
their displacement; V, the number of 
strokes made during the trial ; H, the 
head pressure in feet, including friction 
through main, as ascertained by gauges 
placed on the ascending main, just be- 
yond the air chamber; i^, the number of 
pounds of coal actually consumed during 
the trial, not deducting ashes or clinkere, 
nor reckoning the coal used in getting 
up steam, nor banking fires. 

Q. Should the duty of pumping en- 
gines be rated in pounds of water one 
foot high per pound of coal, or per pound 
of steam ; and why ? 

A. Duty should be expressed in pounds 
of water one foot high per pound of steam 
at a standard or stated pressure and degree 
of dryness, because the latter is a regular 
method, representing a substance having 
fixed value, while the other is expressed 
in very variable units. Some boilers will 
evaporate much more water per pound of 
coal than others. 
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Q. About what is the duty of small lift ] 

pumps ? 1 

A. IVhen lifting 15 feet they have been I 

found to have a duty of 15 to 40 percent. ] 

Through long lines of hose they have been J 
found to have a duty of 57 per cent, as a 

Q. Why should the resistance that s 
pump has to work against be represented 1 
by pounds per square inch instead of by I 
feet of water? 

A. Because in many cases, as, for in- 
stance, boiler feed pumps, there is no 
height of water; there is only pressure in 
pounds per square inch or other conven- 
ient unit, J 

Q. How far will a centrifugal pump I 
force water? | 

A. It will not force at all. You can 
put a valve on the discharge pipe of the 
pump and shut it tight, and the pump 
will continue to run just the same, and a 
gauge on the pipe show no pressure at , 
all, no matter what the speed of pump. J 

Q. What are the advantages of centrif* J 
ugal pumps? n 

A. They have no complication of parts; 
wilt discharge a greater quantity of water 
'n proportion to the power expended than 
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any others ; will discharge a steady stream 
without any air chambers ; are but little 
afFectied by grit or other substances in the 
liquid pumped; will pass large bodies 
through them ; will pump hot liquids well ; 
require little or no foundation. 

Q. What is one disadvantage of centrif- 
ugal pumps ? 

A. " There is a continual lessening of 
the quantity of water per revolution 
pumped as the number of revolutions per 
minute increases " (Isherwood). 

Q. Where are plunger pumps desir- 
able? 

A. Where the water is gritty or the 
pressure is very great. 

Q. What special precautions about hot 
liquids ? 

A. They should not be as high a lift as 
for cold ; in some cases they may have to 
be let flow to the pump by gravity. 

Q. Why cannot hot water be pumped 
as well as cold ? 

A. Because when the pump sucks there 
is a partial vacuum formed, and the hot 
water gives off vapor under the low pres- 
sure; this vapor filling the pump barrel 
and suction pipe, to the exclusion of the 
hot water. 
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Each quantity stated is the mean of 
several trials. Above iSo** F. scarcely 
any water could be pumped. According 
to Regnault, 185° would, be the limiting 
temperature at 15 feet. 

I have added to Mr. Coles' figures 
some other columns. The fourth shows 
the quantity of water pumped per revolu- 
lutions ; the fifth, the weight of one cubic 
inch of water at the various temperatures 
there given, and the sixth, the weight of 
water pumped per stroke. 

Q. Is it easier to pump into a tank if 
the pipe is carried over the top or to pump 
into the bottom ? and why ? 

A. The latter is the easier, because 
there is slightly less head of water to pump 
against 

Q. Does a tank 6 feet in diameter exert 
more pressure upon a pump than a 3-inch 
pipe having the same height and head ? 

A. No. The pressure is according to 
the height of the column and not accord- 
ing to the cross section of its top. 

CALCULATIONS. 

Q. How do you get the circumference 



of a circle when the diameter or the radtt 
is giver ? 

A. Multiply the diameter by 3.1416, or 
more nearly by 3.1415926; or multiply 
the radius by 6.2832, or more nearly by 
6.2831852. 

Q. How do you find the area of a 
circle ? 

A. Multiply the square of the diameter 
t'y.7854; or multiply the square of the 
radius by 3- 1416. 

Q, How do you find the diameter of 
a. circle having a given area ? 

A. Divide the area by .7854 and take 
the square root of the quotient. 

Q. How do you find the radius of a 
circle having a given area? 

A. Divide the area by 3.1416 and take 
the square root of the product. 

Q. How do you find the diameter of a 
circle having twice the area of a circle 
having a given diameter? 

A. Find the area of the given circle ; 
double it, and then find the diameter by 
the rule next but one before this. Or, 
shorter still, take the square root of twice 
the square of the diameter of the given 
circle. Thus a circle to have twice the 
karea of one 6 inches in diameter should 
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have a diameter equal to the square root of 
twice the square of 6 ; that is, the square 
root of 72, which is 8.4853. 

Q. How do you square a number ? 

A. Multiply it by Itself ; thus : 6X6=36. 

Q. How do you find the cube of a 
number? 

A. Use it three times as a factor. Thus : 
6X6X6=216. 

Q. How do you get the square root of 
a number ? 

A. This explanation would take up too 
much time. The rules and several ex- 
amples showing how to point off, etc., are 
given in the author's " Square Root Made 
Easy."* 

Q. How do you find the diameter of a 
circle having half the area of a pipe of a 
given diameter ? 

A. Square the given diameter; halve 
this square ; take the square root of the 
half square. Thus, a pipe to have half the 
area of one of 6 inches in diameter should 
have a diameter equal to the square root 
of one-half 36 ; that is, equal to ^/I8, or 
4.2426. 

♦Practical Publishing Co., 5 Dey St., N. Y. Price 50 
centSf post-paid to any address. 
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Q. How do you measure the effective 
work done by a pump ? 

A. Multiply the weight of the liquid 
raised by the height to which it is raised, 
counting between levels. 

Q. Given the diameter of water cylin- 
der, the water pressure to be pumped 
against and the steam pressure, how do 
you determine the diameter of the steam 
cylinder ? 

A. Divide the water pressure by the 
steam pressure, square the diameter of 
the water cylinder, multiply by this ratio 
and take the square root of the product. 
(This supposes that the length of stroke 
is the same in both cylinders.) If the 
water pressure required be less than the 
steam pressure, the ratio will be less than 
I ; but the rule is the same. 

Thus : Steam pressure, 60 pounds ; de- 
sired water pressure, 300 pounds; water 
cylinder, 6 inches in diameter — ^then 

'6 X 6 X 300 , ^ 

— 7 = V180 = 13.44-mches. 

Steam pressure, 150 pounds ; water pres- 
sure desired, 75 pounds ; diameter of water 



/■ 
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cylinder, 5 inches ; then diameter of steam 
cylinder = 



/■: 



-^ =yi2.5=3.S3+mches. 

This makes no allowance for friction of 
the pump parts and of the water in the 
passages. It is best to allow about 50 per 
cent, margin for this ; so that in the first 
case the pump should have a diameter of 

/180 4- 90 =n/27o= 16.431, and in the 

second a diameter of \/ 12. 5 4-6.25 = 

/18.75 = 433- 

Q. How do you find the pressure in 

pounds per square inch, of a column of 

water ? 

A. Multiply the height of the column 
in feet by 4.34. More roughly, allow 27 
inches (or two and a quarter feet) to the 
pound. 

Q. How do you find the quantity of 
water raised per minute at a piston speed 
of 100 feet per minute? 

A. Square the diameter of the water 
cylinder in inches, and multiply by 4 (ap- 
proximation). Thus: A lo-inch cylin- 
der will raise loX 10X4 = 400 gallons 
per minute. 
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Q. How do you find the diameter of ' 
pump cylinder required to move a given 
number of gallons of water per minute at 
a piston speed of loo feet per minute? 

A. Divide tlie n\miber of gallons per 
minute b/ 4 and take tiie square root of 
the quotient Thus: To raise zooo gal- 
lons of water per minute at 100 feet per 
minute piston speed, would take a pump , 

cylinder of t' ■ =^500 = about 22. 

inches diameter, 

Q. How do you find the velodty of ] 
flow of water in a pipe, required to dis- 
charge a given volume of water in a given 
time? 

A. Multiply the number of cubic feet 
of water by 144, and divide the product 
by the area of the pipe jn inches. Thus 
to discharge 1000 cubic feet of water per 
minute through a 6-inch pipe, take a 
lopo X 144 _ 144,000 
velocity of flow of ^^^^^^^^ 

= 509.3 feet per minute. 

Q. How do you find the diameter of I 
pipe required to discharge a given volume I 
of water at a given speed per minute ? 



PUMP CATECHISM. 217 

A. Multiply the number of cubic feet 
of water per minute by 144; divide by 
the velocity of flow in feet per minute ; 
divide by .7854; take the square root. 
Thus : To discharge 500 cubic feet of 
water per minute at a velocity of 1000 
feet per minute, would require a pipe 
having a diameter of 

f/ 5QQ X 14T , /7 2,000 , ^ 

y "^ — o — W ~~^ =01.02 4-. 

^ 1000 X. 7854 ^ 785.4 ^ 




USEFUL TABLES. 

AREAS OF CIRCLES. 

The following table will be found to 
save much trouble : 
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FACTORS AND CONSTANTS. 

To reduce Centigrade degrees to Fahrenheit, 
multiply by 9-5, and if above zero, add 32°. 

To reduce Fahrenheit degrees to Centigrade, 
subtract 32^ and multiply by 5-9. 

62° Fahr. equals 16.67^ Cent. ; 68° Fahr. equals 
20° Cent. ; 100° Fahr. equals 37.78° Cent; 150° 
Fahr. equals 65.56° Cent. 

Dark red color indicates about 700° Cent, equals 
1292° Fahr.; cherry red, 1652° Fahr.; white heat 
2372° Fahr. 

Air at constant pressure expands 1-461 of its 
volume for each degree Fahr. above zero. 

A colunm of water 2.3093 feet (or 27.71 inches 
high,) at 62^ Fahr. will exert a pressure of one 
pound per square inch. 

A colunm of water 33 947 feet high, at 62° 
Fahr., will exert a pressure of one atmosphere 
equals 14. 7 pounds per square inch. 

1728 cubic inches, 2200.15 cylindrical inches, 
3300. 23 spherical inches, or 6600.45 conical inches 
make one cubic foot. 

One inch equals 2.53995 centimeters. 

One foot equals 0.3048 metre. 

One square inch equals 6.45148 square centi- 
meters. 

One square foot equals 0.092901 square metre. 

One square yard equals 0.8361 12 square metre. 

One litre equals 61.02524 cubic inches, or 0.8804 
quarts. 

I One metre equals 39. 37043 inches equals 3. 28087 

j feet equals 1.09362 yard. 

] One kilogrammeter equals 0.672 lb. per foot 

I equals 2.016 lbs. per yard. 
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PUMP CATECHISM. 



An asteri<;k (*) denotes one or more illustrations. 

[In looking for any subject having more than one 
word, look first for what appears to you to be the princi- 
pal word, and if you do not find it under the initial letter 
of that word, try under that of the other. The frequently 
recurring word "pump," however, hardly appears as a 
heading in this Index, for obvious reasons. J 

PAGE 

Acids, Pumping lo, 4?, 75 

Acme Pumps* 76-81 

Air Chamber 19, 20, 47 

Air Cock 71 

Air, Pressure of, 1 1. 13 

Air, Pumping '. 10 

Air in Suction 72 

Air, Volume of Air Chamber 19 

Ammonia, Pumping 10 

Aprold's Modulus 62 

Area of Strainer Holes 54 

Area of Suction Valve 20 

Arrangements of Water Valves. 45 

Auxiliary Passages 67 

Auxiliary Pistons 42 

Bailey's Rule for Duty 205 

Ball Valve* ^ 43 

Barometers 13,14 

Beer, Pumping 10 

Belted Pump* 33 

Bends vs. EIdows 54 

Blake Independent Air Pump and Jet Condenser*. . . 50 

Blake Double Fly Wheel Pump *38 

Blake Plunger Pump. *32 
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Cuttine. 75 

Cylinder, Steam 214 

Cylinders, Porcelain 48 

Cylinder, Pump 21, 37, 46 

Cylinders, Removable 48 

Davidson Pump* 111-121 

Dean Bros. Pump* 121-128 

Deane Pump* 128-138, 143, 144 

Deep Well Pump 47 

Delamater Pump* 138-146 

Design and Construction 45 

Diameter of Pipe ox 

Diaphragm Pump 2X» 23 

Direct Acting Pumps 67, 35, 38, 39, 4i 

Du"ect Acting Pumps, Strokes of 07 

Direct Acting Steam Pump, Lubricating 69 

Direct Acting Steam Pump 27, 36, 38, 41 

Direct Steam Pressure Pump 27 

Discharges 60, 61, 62, 216 

Discharge Pipes, Check Valve in 55 

Displacement Piston 205 

Drafting 9 

Drafting Work of 17 

Drafting Water over 34 feet 16 

Double Acting Pumps 28, 29 

Double Acting Pbton Pumps. .'. 30 

Double Beat Valve* 44. 45 

Double Pump, Blake's Fly- Wheel 38 

Duplex Pumps. 35i 37» 68 

Duplex Pumps (Worthington) 37 

Duty 205, 207 

D Valve 39 

Effective Diameter of Pipes 55 

Effective Work 214 

Efficiency 204 

Efficiency of Jet Pumps 23 

EUb' Table of Friction of Water in Pipes 57, 58 

Exhaust, Heating Water by 63 

Exhausting into Suction Side 62, 63 

Exhausting into Suction Side of a Pump 63 

Exhaust Passages ^7 

Expansion 3°i 4« 
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PAGE 

Factors and Constants 222 

Fire Engines i9i 47 

Fire Pumps 34 

Flexible Valve *44 

Flow, Velocity of. 216 

Flow of Water 216 

Fluids, Raising 9 

Fly Wheel Pump 34, 35 

Fly Wheel Steam Pumps 35 

Fly Wheel, Worthington's Substitute for 49 

Fluids II 

Forcine 9» 19. 208 

Formula for Duty, Graff's 207 

Foot Valve 54, 55 

Foundation S3 

Freezing, Prevention of. 73 

Friction 17 

'J '. Friction in Suction 15 

^ ■ Friction in Suction Pipes, to Reduce 54 

Friction of Water in Pipes, Ellis' Table of. 57, 58 



I Gas, Pumping 10 

I Gas, Lighting 10 

Gaskets, Rotten 70 

I Geared Pumps *33, 34 

Graff's Formula for Duty 207 

Gravity 11, 12 

I Greasy Water, Pumping 48 

i Gritty Water, Pumping 209 

I Guild & Garrison Pump* 146-154 

i Hall Pump 159-162 

Hammering 70 

' Hand Power Attachment for Boiler Feeding Pumps.. 49 

I Hand Pump 71 

Heads 60,61 

Heating Water by Exhaust 63 

High Lifts 54 

High Speed x8 

Hinge Valve 43 

Hot Liquids 10, 209, 210 

Horizontal Acting Steam Pumps. 20 

Hot Water Pumping 72, iS3 

Humped Gradient *59 

Hump in Lines of Pipes 59. *6o 
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Hydraulic Mean Gradient *59 

Hydraulic Pumps 47 

Independent Condenser 49 

Independent Condenser to Air Pumps 49 

Intermitting Streams 20 

Intermittent Valve Motion 41 
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et Pumps, Fashions of. 23 

et Condenser and Independent Air Pump (Blake).. .. 50 
et Pump 21,23 



Kinds of Pumps 20 

Kinds of Valves 42 

Knowles Pump* 162-175 

Lawrence Pump* 186-192 

Lead of Valve 45 

Leakage of Air into Suction 17 

Leaky Suction Pipes 70 

Leather Piston Packing 73 

Leather Packing with Solid Piston 31 

Letestu's Pump 31, *i75 

Letestu's Valved Piston* 31 

Lift of Hinge Valve 46 

Lift of a Poppet Valve 45. 46 

Lifting Capacity 18 

Lifting 17 

Lift Pumps 208 

Lift Valves 70 

Lighting Gas, Pumping 10 

Lining of Pump Cylinders 48, 49 

Liquids 10, 11 

Location of a Pump 52 

Logarithms 219 

Long Lines of Pipe 50 

Long Suctions 54 

Lubrication 69 

Mercury as a Cooler 75 

Mine Pumps 28 

Modulus, Appold's 62 

Molasses, Pumping 10 

Mont-jus 27 

Motion of the Hinge Valve. 45 
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l^iming the Pump 55 

Proportion of Cylinders for Condenser Circulating 

Pumps 51 

Proper Piston Speed for Boiler Feeding 68 

Pumping Acid 48,7s 

Pump Cylinder 216 

Pulsometer* 27, 176-179, 180^184 

Putting Pumps together ....,.,,, 63 

Quicksilver as a Cooler 75 

Raising Fluids. * 9 

Reciprocating Pumps 27, 28 

Reciprocals 219 

Reducing Friction in Suction Pipes 54 

Refusal to Lift, Causes of 70 

Removable Cylinders 48 

Repairs, Convenience in 53 

Resistance 208 

Revolution 25 

Rope Pump 21 

Rotation 25 

Rotary 21 

Rotary Fump (Silsby) 26 

Rotary Pumps 24 

Rotary Pump with Single Piston 25 

Rotary Pump with Single Revolver* 24 

Rule for Duty, Bailey's , 205 

Scotch Yoke 35, *36 

Sea Level 12 

Selection of Pumps 66 

Short Stroke Pumps 49 

Short Stroke 49 

Silsby Rotary Pump* 26 

Single Acting Pumps 28 

Single Cylinder Engine 39 

Sinking Pump 28 

Slamming 70 

Solid Piston with Leather Packing* . 31 

Solid Piston Pump *3i 

Solid Pistons 29 

Squares 213-219 

Squirting.. 20 

Square Roots 214-219 
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Steam Cylinders, Tallow in 69 

Steam Cylinder, Position of 47 

Steam Cylinders. . , , 214 

Steam, Common Oil in 69 

Steam Pumps, Direct Acting 36 

Steam Passages 67 

Steam Pumps, Compound 41 

Steam Pumps 35 

Steam Pumps, Fly Wheel 35 

Strainer 55 

Strainer Hole, Area of 54 

Streams, Intermitting 20 

Stroke, Short 49 

Stroke, Length of 67 

Strokes of Du^ct Acting Pumps 67 

Suction 9, II, 71, 205 

Suction, Air in 72 

Suction Chamber 18, 20 

Suction, Reducing 70 

Substitute for Fly Wheel, Worthington's 49 

Suction, Friction in 15 

Suction Pipe 53. 54 

Suction Pipes, Chokes in 17 

Suction Pipes, Leaky 70 

Successful Performance of Pumps 66 

Suction Valve Area 20 

Suction Valve of a Piston Pump 45 

Supplementary Piston 39 

Tables 217 

Tables of Circles 218 

Table of Constants of.Pi 223 

Tables of Cube Roots 219 

Tables of Logarithms 219 

Tables of Reciprocals 219 

Tables of Squares 219 

Tables of Square Roots 219 

Tallow in Steam Cylinders 69 

Tanks 211 

Tan Liquor, Pumping 10 

Trail 52 

Trail, Length of 15 

Vacuum Pump, Nye's 52 

Valley Pump* 184-187 
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Valve Area 70 

Valve, Check 55 

Valves. Foot 54 

Valves for Heavy Pressure 45 

Valves, Kinds of 43 

Valve Lift 70 

Valve Motions 39> 40 

Valve Motion, Intermittent 41 

Valved Pistons 29 

Valved Piston of Single Acting Pump 30 

Velocity of Flow 216 

Vertical Pumping 48 

Volume of Air in Air Chamber 19 

Water Cylinders, Bronze Brushes for 48 

Water, Flow of 216 

Water Valves, Arrangement of 45 

Webber Pump* 188-193 

Weight of Substances 13 

Wonc in Drafting 17 

Work, Effective 214 

Worthington Duplex Pumps* 37 

Worthington's Substitute for a Fly Wheel 49 

Worthington Pump* 192-203 

Y Connections 54 

Yoke, Scotch 35*^ 
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Established in Ptiiladeiptila, t873. 

Robert Grimshaw's 
[EEHINfi&ElPEBTOp 

S Bey St., N. Y. 




Engines.Boilers.Macliiiiery andM 

Designed, Tesled, Erecled and Improved. 

POWER MEASURED. 
COAL SAVED ON SHARES. 





REFERENCES. 

Mr. Robert Grimshaw refers to the 
following among the many cUenls of his 
Testing Offices ;— 

SECTIONAL SAFETY 8TEAM BOILERS. 

ATLANTIC WORKS, Philailelphia. 

FEED WATER HEATERS. 
WM. BARAGWANATH. Chicago. 

SHAFTING. 
AKRON IRON WORKS, Akrou, O. 



GEO. B. CRESSON, Philadelphia, (cast 

iron). 
MEDART PULLEV CO., St. Loois, 

(wrought iron rim). 
TAPER SLEEVE PULLEV CO., Erie, Pa., 



(w. 



od). 



DODGE MANUEACTURING CO., Misha- 

waka, Ind., (wood). 
WESTINGHOUSE, CHURCH. KERR &. 

CO.. 15 CortlaodtSt., N. Y., (paper). 

BELTS. 

BOSTON BFXTING CO. , Boston, {rubber). 
E. J. BRADFORD Sc CO., Cincinnati, p-^ 

(leather). 
GANDV BELTING CO., Baltimore, A 

(cotton) . 
SHULTZ BELTING CO., St. Louis, (fol 

leather). 
N. Y. BELTING & PACKING CO., 1 

City, (rubber). 
SAYRE BELTING CO.. Utica, New Ti 

(leather). 
GUTTA rURCHA & RUBBER 1 

CO., N. Y. City, (rubber). 



BELT FASTENERS. 

NOVELTY BELT HOOK CO., Hartford, 
Conn. 

WIRE ROPE. 

JOHN A. ROEBLING'S SONS COMP'Y, 

Trenton, N. J. 

DRIVE CHAIN. 

EWART M'F'G CO., Chicago. 

- LUBRICATING OILS AND COMPOUNDS. 
BUXTON & HEINS, N. Y. City. 
ATLANTIC REFINING CO., Philada. 
DIXON CRUCIBLE CO., Jersey City, 

(graphited cylinder oil). 
VACUUM OIL CO., Rochester, N. Y., (cyl. 

oil). 
BINGHAMTON OIL REFINING CO. 
STANDARD OIL CO., Cleveland, O. 

BOILER AND PIPE COVERING. 

CHALMERS SPENCE CO., N. Y. City. 
J. A. LOCKE, New York City. 
FOSSIL MEAL CO., New York. 

UNIVERSAL GRINDING MILL. 

NEWELL UNIVERSAL MILL CO., New 
York City. 

Besides the foregoing, Mr. Grimshaw 
refers to the following : — 

R. HOE & CO., 504 Grand St., New York, 

(saws, printing presses). 
SILSBY M^F'G CO., Seneca Falls, N. Y., 

(steam-fire engines). 
J. A. FAY & CO., Cincinnati, O., (wood 

working machinery). 
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Volume I. of Grimshaw's Steam Engim 
Catechism fint appeared in October, 1885, aac 
contains 396 direct, practical queadons and theii 
proper answers, and 192 pages, including a num 
ber of valuable and interesting tables lor dail] 
rcFerence. (lllustmled,) Fifth and Enlai^;e(: 
Edition, December. 1887. Price, postpaid, $1.00 

Volnme 11. of the same work contains 41c 
direct, practical questions, and correct sttai^t 
forward answers thereto ; covering, witli it niun. 
ber of tables, useful to eveiy one interested in e 
steam engine, sig pages. The index alone take) 
up ri) closely printed pages. This volume wa; 
the public October so, 1886. Enlai^ 
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as to their quality, etc. We will mail any 
one, postpaid, <?;/ receipt of price. We 
can furnish, at publisher's prices, any 
book published. 

We will not "bill'* single books, nor small 
orders to customers, no matter how well 
known, as it does not pay to do much so 
book-keeping for one entry of small 
amount. 

- Money in small sums is best sent by reg- 
istered letter, postal note, express money 
order, or postal money order, to order of 
''Practical Publishing Co.;" not to any in- 
dividual name. 

Books mailed by us cannot well get lost, 
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' PrACTICAI. PUBI.ISHING Cc, * 

j 5 Dey St., N. Y. [ 

I pf not delivered in ten days, POST-MASTER : 
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t Sinclair's Locom. Eng., 12 mo., . . |2.oo 
Thurston's Sta. Eng., for Electri- 
city, 8vo., 2.50 



f Auchincloss* Link and Valve Mo- 
tions Simplified, i8mo., 3.00 

f Grinishaw*s Steam Engine Cate- 
chism, 2 vols. ; each, i.oo 

* Cotterill's Steam Engine Consid- 

ered as a Heat Engine, 8vo., 5.00 

Colyer's St. Eng. Management, 80 

f Marks* Relative Proportions of 

Steam Engine, i2mo., 2.00 

f Mallet's Compound Engines, iSmo, .50 

* MacCord's Slide Valve by Excen- 

trics, 4to, 2.50 

t Hemen way's St. Eng., Indicator, 

i2mo., 2.00 

f Bacon's Richards* Steam Eng. In- 
dicator, i2mo., I.oo 

t Goodeve's Text Book on St. Eng. 

i2mo., 2.00 

Le Van's St. Eng. Indicator, iSmo., .50 
f Porter's Richards' St. Eng. Indica- 
tor, 8vo., 3.00 

Stillman's St. Eng. Indicator, i2mo., i.oo 

Ford's Boiler Making, i.oo 

f Dahlstrom's Fireman's Guide, Svo, .50 
Sexton's Pocket Book (for Boilers 

Makers), 32mo., 2.00 

Foden's Steam Boilers, Svo., 2.00 

f Buel's vSafety Valves, 50 

t Rowan's Boiler Incrustation and 

Corrosion, 50 

t Pochet's Injectors, 50 

f Barr on Fuel Consumption, 2.50 

f Barr on Steam Boilers, 2.00 

t Colburn's St. Boiler Explosions, 

i8mo., 50 

f Siemens' Fuel, 50 



Stuart*s How to Become a Success- 
ful Engineer, i2nio., 50 

f Grimshaw's Hints on Saw Filing, i.oo 

f Grimshaw*s Hints on House Build- 
ing, 50 

f Transmission of Power by com- 
pressed air. By Robert Zahner, 
M. E., 50 

f A Practical Treatise on the Teeth of 
Wheels. By Prof. S. W. Robin- 
son, i8mo., 50 

f Transmission of Power by Wire 
Ropes. By Albert W. Stahl, 
u. o. '^., louio. , '5 

Chimneys for Furnaces, Fire-places 
and Steam Boilers. By R. Arm- 
strong, C. E. Second edition, 
enlarged, i8mo., 50 

t Steam Heating. By Robert Briggs, 

i8mo 50 

A Treatise on theCompound Engine. 
By John Turnbull, Jr. Second 
edition, revised by Prof. S. W. 
Robinson, iSmo 50 

{Grimshaw's Pump Catechism, i.oo 
Grimshaw's Square Root Made 

Easy, 50 

t Grimshaw's Practical Training,... .50 
Grimshaw's Miller, Millwright and 

Mill Furnisher, 6.00 

f Trautwine's Engineers' Pocket 

^ Book 5.00 

Haswell's Engineers' Pocket Book . . 5.00 
Templeton's Practical Mechanics* 

Work Shop Companion, 2.50 

Burgh's Pocket Book, 32mo., 1.50 
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BY 

W. H. FORD, M.E. 
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PRACTICAL PUBLISHING CO., 
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A bandeomt] volame of 22i pages, bound in 
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